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Abstract
During their life cycles trypanosom atids differentiate into distinct forms w ithin their 
hosts. The parasites use their flagella to attach and anchor them selves to the surface o f  
the gut wall in their sand fly vectors. On cuticular surfaces the flagellar tip  becom es 
expanded and forms hem idesm osom e-like structures, which enables the parasites to 
attach strongly to the gut wall. This attachm ent process occurs in all trypanosom atids 
and is believed to protect the parasites from elim ination by the action o f  digestive 
system  o f  the gut so they can survive and m ultiply, and is also proposed to be an 
im portant elem ent o f the transm ission m echanism. The identity o f  Leishmania 
hem idesm osom al protein m olecules and their function in the attachm ent m echanism  is 
not known.
In order to investigate this, L. mexicana, L. major and L. tarentolae prom astigotes 
w ere cultured in the presence o f  various m aterials in attem pts to replicate this 
attachm ent phenomenon in vitro. M ost o f  the m aterials were discontinued due to their 
poor attachment perform ance when cultured with the parasites. However, L. mexicana 
prom astigotes were able attach well to Ethylene-vinyl acetate copolym er (EVA) 
form ing expanded flagella as confirmed by scanning electron m icroscopy. The EVA 
m aterial generated high quality and quantity o f  parasites to use for protein 
investigations.
Protein extraction followed by SDS-PA GE gel staining o f  selected m aterials that 
showed good attachment, revealed a wide range o f  proteins bands (24.4 kD a -  88 
kDa) in each material, except EVA showed only three bands(24.4 kDa, 31 kDa and
36.5 kDa). However, these may have been false positive results and m ost o f  bands 
were probably from m edia supplem ents, and therefore m olecular approaches were 
applied for their sensitivity and specificity advantages.
Total RNA was extracted from attached prom astigotes o f  L. Mexicana that adhered to 
EVA surface. A cDNA library was conducted and screened by RT-PCR, cDNA 
probes and Northern blotting. Screening results showed several genes identified as 
hypothetical proteins and expressed by trypanosom atids or Leishmania species only.
XV
To find specific genes highly or only expressed by attached forms, levels o f  these 
genes expression were com pared between in vitro attached (haptom onad) 
prom astigotes, m etacyclic and log-phase prom astigotes. Results showed that the three 
stages expressed some genes at a sim ilar level (LmxM . 17.0870, Lm xM .09.1505, 
LmxM . 17.0810 and Lm xM .05.0450), while other genes were more highly expressed 
by log-phase prom astigotes (Lm xM .01.0620, Lm xM .36.3780, L m xM .31.2500, 
Lm xM .30.2270, Lm xM .08.0410, Lm xM .31.1090, Lm xM .36.3620, Lm xM .36.5850 
and Lm xM .05.0450). M etacyclic prom astigotes also showed different expression 
levels o f  several genes (Lm xM . 11.0930, Lm xM .31.0180, Lm xM .36.5060 and 
Lm xM .36.2450).Three putative haptom onad-upregulated genes were identified 
(LmxM . 18.1620, Lm xM .32.0940 and Lm xM .29.3025) although due to tim e 
restrictions it was not possible to determ ine if  these were associated with 





The history o f  leishm aniasis (cutaneous/oriental sore) begins early in hum an records 
,as described in tablets from the 7 century BC found in the library o f  King 
Ashurbanipal, some o f  their contents derived from 1500 to 2500 BC (M anson-Bahr, 
1996). An Arabic physician and scientist named Avicenna in the 10th century also 
described in his books a skin lesion known as Balkh sore found in northern 
Afghanistan, Jericho and Baghdad (M anson-Bahr, 1996). V isceral leishm aniasis (VL) 
was probably first described in 1824 in Jessor, India, where a patient had fevers and 
his condition diagnosed as m alaria, but did not response to m alaria treatm ent 
(quinine). Later in 1862 the disease outbreak becam e an epidem ic in Burdwan (Elliott, 
1863), and cause o f  the disease remained unclear until Leishm an and Donovan 
described Leishmania donovani in 1900 (Hoare, 1938), and the disease was nam ed 
after them.
Since that discovery Leishmania has been identified as a genus o f  flagellated blood 
and tissue protozoa (haem oflagellates), which belong to the fam ily Trypanosom atidae 
o f  the order K inetoplastida. Leishmania are responsible for various different types o f  
diseases known as leishm aniasis (Beck and Davies, 1981). A ccording to the W HO 
(2013) leishm aniasis is distributed over both the Old W orld and N ew  W orld (Fig. 1) 
affecting 88 countries w ith a prevalence around 12 m illion cases o f  leishm aniasis. O f 
the 88 endem ic countries, 22 are in the New World and 66 in the Old W orld with an
2estimated incidence o f  -1 .5  million cases o f  cutaneous leishmaniasis (CL) and 
500,000 cases o f  VL per year. More than 90% o f  the CL cases occur in Iran, 
Afghanistan, Syria, Saudi Arabia, Brazil, and Peru, while more than 90% o f  the VL 
cases are reported from India, Nepal, Bangladesh, southern Sudan and north-east 
Brazil. The annual mortality o f  leishmaniasis worldwide based on hospitals reports 
deaths is about 20,000 to 40,000 (Alvar et al., 2012) and the at risk population 
estimated as 350 million people (WHO 2013). The parasites are transmitted through 
the bites o f  small insect vectors named phlebotomine sand flies (Fig. 2) (Service, 
2008). The main clinical forms o f  leishmaniasis are classified as cutaneous, 
mucocutaneous, diffuse cutaneous and visceral leishmaniasis with different clinical 
features and geographical distributions (Markell and John, 1999).
F ig u re  1.World-wide distribution o f  leishmaniasis. Leishmania-endemic countries ^  
and those reporting LeishmanialWW  co-infection ^  in 2001. (Taken from Desjeux 
and Alvar, 2003).
3F igure  2. Leishmania life cycle. Leishmania has a two host life cycle, inside the sand 
fly vector and inside the mammalian host. (Taken from TDR/Wellcome Trust).
1.2 Leishmania C lassification
Leishmania species belong to the family Trypanosomatidae (Marked and John, 1999). 
Other genera in the family Trypanosomatidae include Trypanosoma, Endotrypanum, 
and Crithidia. The basic classification o f  Leishmania according to Lainson and Shaw 




4Sub-phylum - M astigophora
Class - Zoom astigophorea
Order - K inetoplastida
Sub-order Trypanosom atina
Family - Trypanosom atidae
Genus Leishmania
The various Leishmania species have sim ilar morphological features w hich are 
difficult to distinguish (Lainson and Shaw, 1987). For that reason, their classification 
is based on a com bination o f  their extrinsic characters (e.g. disease clinical sym ptom s, 
and geographic distribution) and intrinsic characters (e.g. im m unological, biom edical 
and m olecular aspects) (Lum sden, 1974). In addition to these, several techniques have 
been developed to identify Leishmania species such as the isoenzym e electrophoresis 
method, considered as the reference technique for identification o f  Leishmania species 
(Lanotte et al., 1981), m onoclonal antibodies (serodeme) m ethods (Grim aldi et a i,  
1987) and m olecular (D N A -based) techniques (M arfurt et al., 2003). The hum an- 
infective m em bers o f  the genus Leishmania have been divided into tw o subgenera, 
Leishmania (Leishmania) and Leishmania (Viannia), based on their developm ental 
position in the m idgut o f  the sand fly. The subgenus Leishmania {Leishmania ) refers 
to those parasites w hose life cycle occurs in the m idgut and foregut o f  the alim entary 
tract in the sand fly. The subgenus Leishmania {Viannia) includes parasites that have a 
prolific and prolonged phase during their developm ent in the sand fly, in w hich they 
are attached to the hindgut wall by their flagella, and later m igrate to the other regions 
(m idgut and foregut) (Chance and Evans, 1999). The subgenus Leishmania 
(Leishmania) is distributed over both Old World and New  W orld. On the other hand, 
Leishmania (Viannia) is only localized in the New W orld (Lainson and Shaw, 1987).
5Under these tw o subgenera different species were classified, (Table 1) (Ross, 1903; 
Lainson and Shaw, 1987).
Clinical Disease Leishmania Species Geographic Location
Cutaneous leishmaniasis L. tropica complex 
L  tropica 
L  aethiopica 
L. major
Old World
L, mexicana complex 
L  mexicana 
L. pifanoi 
L  amazonensis 
L  garnhami 
L  venezuelensis
New World
L. braziliensis complex* 
L  peruviana 
L. guyanensis 
L  panamensis 
L  lainsoni 
L. colombiensis
New World
L  infantum Old World
L  chagasi New World





L. mexicana New World
L. tropica Old World
L. major Old World
Visceral leishmaniasis L. donovani complex
L. donovani Old World
h. infantum Old World
L  chagasi New World
L. tropica Old World
L. amazonensis New World
Table 1. Classification o f  Leishmania species based on their disease type and 
geographical distributions (M arkell and John, 1999). The L. braziliensis com plex (*) 
are m em bers o f  subgenus Viannia, the other species are in subgenus Leishmania.
61.3 Epidemiology and Clinical features
Leishm aniasis can be subdivided by geographical distribution and different 
clinical spectrums. The clinical m anifestations o f  leishm aniasis range from 
localised self-healing infections to dissem inated infection o f  the entire
reticuloendothelial system, and inner organ infection that may becom e fatal.
1.3.1Visceral Leishmaniasis (VL)
Visceral leishm aniasis, which is also known as kala-azar (black disease), is 
the m ost progressive form o f  disease with a m ortality rate approaching 100% 
if  untreated. The disease is caused by the L. donovani com plex. In Old W orld 
countries such as India, Bangladesh, Nepal, Ethiopia, Kenya, Southern 
Sudan, and Somalia, visceral leishm aniasis results from L. donovani infection 
(Fig.3). In Europe, N orth Africa and China, L. infantum  is reported as the
cause o f  VL. In M exico, Central Am erica, Venezuela, Colom bia, Brazil, 
Argentina, and Paraguay (New W orld) L. infantum  is also responsible for VL, 
described as L. chagasi in some o f  the older literature but now recognised as 
a jun io r synonym o f  L. infantum. The main reservoir o f  L. infantum  is the 
dom estic dog, while L. donovani is m ainly an anthroponotic infection. 
Recently, due to migrations o f  large populations from rural into urban areas 
and large cities w ith poor living conditions, the disease has been seen in areas 
w here it used to be rare. Vulnerable m alnourished people w ith poor im munity 
are m ore severely affected. The disease is clinically characterized by irregular
bouts o f  fever, substantial weight loss, swelling o f  the spleen and liver(Fig. 4)
and anaem ia (which may be serious). If the disease is not treated, the fatality 
rate in developing countries can be as high as 100% within 2 years(W HO
2013, Ashford and Bates, 1999; Markell and John, 1999),
F ig u re  3. Distribution o f  VL (WHO, 2013)
F ig u re  4. Hepatosplenomegaly due to VL (W HO/TDR/Desjeux/CDC).
1.3.2 Post-kala-azarDermal Leishmaniasis (PKDL)
PKDL is a condition that sometimes appears in patients who have recovered 
from visceral leishmaniasis. It characterized by a nodular rash, 
hypopigmented macular lesions, or micropapularmeasles-like lesions that 
appear on individuals who have recovered from VL after a period o f  6 
months to years (WHO, 2013) (Fig.5)
F ig u re  5. Post kala-azar dermal leishmaniasis (WHO/TDR)
1.3.3 C u tan eo u s L eishm aniasis (C L)
Cutaneous leishmaniasis caused by the L. tropica complex, L. mexicana 
complex and L. braziliensis complex. In the Old World it is widely 
distributed, found in Asia (Armenia, Turkmenistan, Azerbaijan, Uzbekistan, 
India), the Middle East (Afghanistan, Yemen, Saudi Arabia, Iran, Syria, 
Jordan) and Africa (Sudan, Egypt, Algeria, Tunisia, Chad, Niger and Kenya) 
(Fig. 6, 7). In the New World CL is found in areas including south central
Texas, the Yucatan peninsula o f  Mexico, Guatemala, Belize, Venezuela, 
the Amazonia region o f  Brazil (Fig. 8).
r
F ig u re  6. Distribution o f  CL from L. major in the Old World (WHO, 2013)
F ig u re  7. Distribution o f  CL from L. tropica in the Old World (WHO, 2013)
10
F ig u re  8. Distribution o f  cutaneous and mucocutaneous leishmaniasis caused by L. 
braziliensis in the New World (WHO, 2013).
Primarily CL is considered as a rural disease and rodents are the most 
important reservoirs o f  infection. CL is also known as Oriental sore, where 
the lesion is confined to the skin and is characterized in the beginning o f  the 
infection by appearance o f  a small red papule that grows in diameter and 
ulcerates within a few months time. Usually CL is a self-healing disease but it 
leaves unpleasant scars on infected areas that may negatively affect patient 
psychology (Fig.9) (Ashford and Bates, 1999, Markell and John, 1999).
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F ig u re  9. Cutaneous leishmaniasis on the arm and body (W HO/CDC).
1.3.4 M ucocu taneous L eishm aniasis (M C L)
Mucocutaneous leishmaniasis is mainly caused by L. braziliensis in Latin 
America (Brazil. Colombia. Ecuador, Paraguay, eastern Peru. Bolivia and 
Venezuela) (Fig. 8). The disease is mostly like cutaneous leishmaniasis in the 
beginning, but then it spreads to the oral and nasal mucosa and if untreated 
results in very disfiguring tissue destruction (Fig, 10) (Ashford and Bates, 
1999. Markell and John. 1999).
1.3.5 Leishmania-H IV  co-infection
Leishmania parasites also cause severe forms o f  leishmaniasis in AIDS 
patients, where the risk o f  VL infection increases by 100 up to 2320 times in 
endemic regions. Many countries have reported Leishmania-HW  co- 
infection, and in Europe about 70% o f  the cases in adults are associated with
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HIV (Fig. 1). Hie clinical presentation depends on a combination o f  factors 
including the host immune response and the parasite species, invasiveness, 
tropism, and pathogenicity (Person et al., 1996; Rees and Kager, 1987; 
Ashford and Bates, 1999; WHO, 2013)
F ig u re  10. Mucocutaneous leishmaniasis (WHO/TDR/Crump).
1.4 Im m unology  an d  P ro life ra tio n
Leishmana parasites are transmitted to humans or animals through the bite o f  an 
infected female sand fly. When an infected fly feeds on a mammal it releases 
metacyclic promastigotes into the skin. The immune system responds to the infection 
with infiltration o f  macrophages, neutrophils and dendritic cells (DCs) into the bites 
site, as they are the first line o f  defence against such infections. Promastigotes are 
taken up by phagocytosis into macrophages and occupy a parasite vacuole that is part 
o f  the phagolysosomal system. After the internalization into the phagosome
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prom astigotes differentiate into non-m otile forms, am astigotes. M acrophage 
lysosomes fuses with the phagosom e and release their contents, but the parasites are 
resistant to the hydrolytic enzymes and not affected by them . A m astigotes divide 
several tim es and finally the m acrophage is ruptured releasing parasites into the tissue 
spaces w here they can invade other macrophages (Franklin and Harold, 1994).
The parasites have an am azing ability to m anipulate immune cell activity and 
behaviour so they can survive and proliferate inside the host. The interactions between 
im mune cells and the parasites impact on the final outcom e o f  the disease and 
understanding o f  these interactions has an important role in drug and treatm ent 
m echanism s (Dong and Jude, 2012).
A t the initial infection site neutrophils and m acrophages m igrate to the site o f  the bite. 
R ecent studies have proposed that m any parasites takenup by neutrophils, w hich are 
present in infection sites in large numbers. As neutrophils have a short life span in the 
blood stream and tissues it is proposed that the parasites use them  as an interm ediate 
host prior to uptake by m acrophages silently w ithout leading to cell activation (Peters 
et al., 2008; Peters and Sacks, 2009; Laufs et al., 2002; van Zandbergen et al., 2004). 
In a study by van Zandbergen et al., (2004) they found the infection o f  
polym orphonuclear neutrophils (PM Ns) by L. major causes a delay in program m ed 
cell death and secretion o f  significant levels o f  MIP-1B, which has a role in attraction
o f  m acrophages to the infection site.
Interaction between m acrophages and parasites generally occurs by receptor-m ediated 
processes resulting in phagocytosis. Prom astigote-m acrophage interaction is prom oted 
by surface m olecules on both. On m acrophages, surface com plem ent (CR) 1, 
fibronectin, CR3 (M ac-1), and mannose-fucose receptors have roles in attachm ent and
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binding between prom astigotes and macrophages (Kane and M osser, 2000). On 
prom astigotes, surface Hpophosphoglycan (LPG), GP63 and protephosphoglycans 
(PPG) play critical functions in stimulation o f  phagocytosis by m acrophages (Yao et 
al, 2003; N aderer and M cConville, 2008). In am astigotes, the interaction with 
m acrophages has been explained by the binding between host IgG-coated parasites 
and Fc receptors (FcyR) on m acrophages that facilitate am astigote phagocytosis 
(M iles et a l, 2005).
G enerally activation o f  macrophages is classified into two pathways; classical and 
alternative. Classical pathw ay m acrophages are activated by products o f  T hl and NK 
cells. Cell cytokines IL-12, IFN-y IL-1, and  TNF-a stim ulate the production o f
inducible nitric oxide synthase (iNOS) by m acrophages, which generates the toxic 
nitric oxide (NO) that kills intracellular parasites (M osm ann and Coffm an 1989; Liew 
et a l, 1990; Bronte and Zanovello, 2005). A lternative activation contrasts with the 
classical pathway. It is activated by production o f  CD 4+T-cells that support Th2 cell 
developm ent and cytokine secretion, IL-4 and IL-13. IL-4 induces polyam ine 
biosynthesis through upregulation o f  the arginase activity, and this helps parasites to 
survive and proliferate intracellularly. O ther T cells and infected m acrophages also 
secrete im m unoregulatory cytokines such as IL-10 and TGF-13 that deactivate the
infected cells and prevent parasite elim ination by the immune system (Gordon, 2003; 
K ropf et a l, 2005).
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1.5 Diagnosis
Diagnostic techniques have been poorly developed in the Leishmania field because o f  
the lack o f  funding for a disease that m ainly occurs in poor countries, where people 
also have poor knowledge o f  disease aetiology and limited facilities for diagnosis. 
However, Leishmania diagnosis requires that clinical features o f  the disease are 
supported by laboratory parasitological diagnosis, as none o f  the clinical features are 
unam biguously diagnostic. Correct diagnosis is the key for the right treatm ent and 
also early diagnosis will help to reduce the treatm ent period. Leishm aniasis can be 
diagnosed by using various m ethods including detection and identification o f  the 
parasites in the tissues and immunodiagnostic techniques (M yler and Fasel, 2008).
The earliest m ethod to diagnose leishm aniasis is the detection o f  parasites in patien t’s 
tissue sam ples. Biopsy sam ples can be stained w ith Leishm an’s or G iem sa’s stain, or 
used to inoculate cultures that can be directly exam ined for the presence o f  
prom astigotes. M icroscopic exam ination o f  stained sam ples looks for intra 
m acrophage am astigotes (Leishm an-Donovan bodies). In VL sam ples are collected 
from  liver, spleen, lymph nodesor bone m arrow, while in CL sam ples are taken from 
skin lesions. The sensitivity o f  lymph node aspiration has been reported as 52% -58%  
(Sidding et al., 1988; Zijlstra et al., 1992), while bone m arrow  aspiration is better at 
52% - 85% (Sidding et al., 1988; Zijlstra et al., 1992; C how dhury et al., 1993; 
Bryceson et al., 1996). Aspiration from the spleen is the m ost sensitive technique for 
VL at 90% -97%  (Sidding el al., 1988; Zijlstra et al., 1992), but should only be 
perform ed by an experienced clinician as it can cause fatal haem orrhage.
Serological m ethods based on antibody-antigen reaction with high sensitivity include 
the direct agglutination test (DAT), im m unofluorescence test (IFAT), enzym e-linked
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im m unosorbent assay (ELISA), and im m unochrom atographic strip tests (rK39), and 
are used in diagnosis o f  leishmaniasis (Santarem  et a l, 2005, Sundar et al, 1998, 
2002).
1.6 Treatment and Vaccination
Chem otherapeutic treatm ent for leishm aniasis is usually adm inistered by intravenous 
or intram uscular routes. Drug doses and duration o f  therapy vary depending on 
w hether the patient has cutaneous, m ucocutaneous or visceral leishm aniasis (Ashford 
and Bates, 1999; Markell and John, 1999). The standard and first line treatm ent for all 
leishm aniasis chem otherapy for m any years was (and in m any locations remains) the 
pentavalent antim onial drugs (Pentostam , Glucantim e). Treatm ent with pentavalent 
antim onials has been practised since 1947, but Leishmania parasites are now showing 
resistance to antim onial drugs in about 10-25% o f  cases (M yler and Fasel, 2008). 
Parasite drug resistance has been reported in Southern Europe, Iran, South America, 
and N orth East India (Faraut-Gam barelli et al., 1997; Hadighi et al., 2006; Jackson et 
al., 1990; Rojas et al., 2006; Sundar et al., 2000). A m photericin B is often used in 
areas where parasites have been found to be resistant to pentavalent antim onials. 
A m photericin B has not seen widespread use because o f  the level o f  toxicity in its 
original formulation, however, liposomal form ulations (Am bisom e) are much less 
toxic, although m ore costly (M ukherjee et al., 2007 ; Sundar et al., 2004).
The first oral treatm ent for visceral leishm aniasis is m iltefosine, introduced in 2002 in 
India, where about 95%  o f  cases were cured. Clinical trials in Colom bia have 
suggested that m iltefosine could also be used for cutaneous leishm aniasis. The drug 
was originally developed to treat types o f  cancer, and when tested on Leishmania 
parasites m iltefosine was shown to interfere with phospholipids and sterols in
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Leishmania (M yler and Fasel, 2008; Lux et al., 2000; Rakotom anga et al, 2007). 
However, parasites have been shown to easily develop resistance to miltefosine. There 
remains an unm et need for new antileishm anial drugs, as those available are either too 
expensive, require long courses o f  treatm ent, or are associated with parasite drug 
resistance.
There are m any ongoing efforts to develop safe, affordable, Leishmania vaccination. 
Candidate vaccines include recom binant proteins, DNA-based vaccines, Leishmania 
antigens expressed in BCG and Salmonella (Connell et al., 1993; Ghosh et al., 2001a; 
Y ang et al., 1990), and immunization with sand fly com ponents (M orris et al., 2001; 
V alenzuela et al., 2001). However, to date no vaccine is available for human use, 
although vaccines for use in dogs are now available (Dantas-Torres, 2006).The 
difficulty in achieving a successful vaccine is due to different factors. One is that most 
o f  the candidates have been tested against L. major infection, and it is not sure if  they 
can be efficient against other Leishmania species as they have different antigens and 
m echanism s o f  pathogenesis. Secondly, experim ents are conducted using animal 
m odels, and the vaccines m ay not have sim ilar effects on hum an leishm aniasis. Also 
there is the possibility that resistance to vaccines m ight be developed by parasites 
(M yler and Fasel, 2008). Therefore, to date no vaccine has been successfully 
developed for use and more studies are required (M utiso et al., 2013).
1.7 Parasite Morphological Features
During the parasites life cycle, Leishmania organism s exist in two distinct 
m orphological forms known as am astigotes and prom astigotes (Beck and Davies, 
1981). Am astigotes are small rounded to ovoid bodies 2 - 5pm  wide, containing a 
nucleus and kinetoplast, and a non-m otile flagellum  that does not extend out o f  the
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flagellar pocket (Fig. 11). They are intracellular organism s found in phagocytic 
immune cells including m acrophages and monocytes. Prom astigotes differ from 
amastigotes in their elongated slender bodies with size about 10-20 pm. Prom astigotes 
are m otile forms by action o f  their long free flagella at the anterior end o f  the body 
near the kinetoplast (W alters et al., 1993, Chiodini, 2001) (Fig. 12), and they are 
extracellular parasites found in the alim entary tract o f  the sand fly (Beck and Davies, 
1981).
In smears o f  the gut o f  sand flies heavily infected with some Leishmania species, large 
rosettes o f  parasites are som etim es observed attached to each other by their flagella, 
w hich are oriented tow ards the centre o f  the m ass (M olyneux and Killick-K endrick, 
1987). A wide variety o f  prom astigotes are seen in vitro cultures. However, in long­
term cultures, it is not possible to relate such forms to a particular sequence o f  
developm ent as in the sand fly. Likewise, it is incorrect to assum e that prom astigotes 
cultivated in vitro are representative o f  all the stages found in the sand fly (Ashford 
and Bates, 1999).
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F ig u re  11. M orphology  o f A m astigotes
(A) Ultrastructure o f  a Leishmania 
amastigote. Amastigotes possess a 
central nucleus (n) and adjacent 
kinetoplast (k) within a single 
branching mitochondrion (mi). The 
flagellum (f) arises from a flagellar 
pocket (fp) but does not extend beyond 
the cell body. Lysosomes (ly), 
glycosomes (gl) and Golgi complex 
(gc) are found in the cytoplasm. Rows 
o f  microtubules (mt) run just below the 
plasma membrane (pm). (Taken from 
Ashford and Bates, 1999).
£
(B) Light micrograph o f  Giemsa- 
stained amastigotes from Grace's insect 
culture medium.
(C) Scanning electron micrograph 
o f  amastigotes showing flagella 
slightly extended beyond the cell 
body. Arrowhead denotes
individual flagellum. (Taken from 
Wakid and Bates, 2004).
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F ig u re  12. M orphology  o f P rom astigo tes
(A) Ultrastructure o f  a Leishmania promastigote. Many o f  the features found 
in the amastigote stage are also found in the promastigotes. Some differences 
are that cell body is elongated, the cell body and the kintoplast has a more 
anterior location relative to the nucleus. (Taken from Ashford and Bates, 
1999).
(B) Light micrograph o f  Giemsa- 
stained promastigotes from M 199 
culture medium.






Genomic databases o f  trypanosom atids (Tritryps: L. major, Trypanosoma brucei, T. 
cruzi) have revealed a conserved core proteom e o f  about 6200 genes that are assum ed 
to mainly fulfil housekeeping functions (EL-Sayed et al, 2005b). In Leishmania there 
are an additional -1 0 0 0  genes are specific to Leishmania (LSGs), which are random ly 
distributed am ong the genome. Some o f  these LSGs have known functions, such as 
involvem ent in parasite m etabolism , but the functions o f  the majority are still 
unknown (Ivens et al., 2005). Further efforts in recent years have resulted in gene 
sequencing o f  three Leishmania species (L. infantum, L. braziliensis and L. major). 
The sequenced genom es exhibit m ore than 8300 protein-coding and about 900 RNA 
genes. There are about -2 0 0  genes that are different in their contents between three 
Leishmania genom es sequenced (species-specific differences), which may be related 
to the differences in their pathogenesis.
The arrangement o f  Leishmania species genom es are similar, consisting o f  34 to 36 
chrom osom es, m ainly in a diploid state, w ith sizes ranging from -2 5 0  Kb to  - 4  M b 
(M yler and Fasel, 2008). Leishmania major and L. donovani com plexes have 36 
chromosom es, while the L. mexicana com plex (New World) have 34 and the L. 
braziliensis com plex have 35 chrom osom es, due to the previous fusion o f  
chrom osom e 8 + 29 and 20 + 36, and the fusion o f  chrom osom e 20 + 34, respectively 
(W incker et al., 1996; Britto et al., 1998). The protein coding genes are organized on 
the same DNA strand in long polycistronic gene clusters (PGCs) o f  tens to hundreds 
o f  genes. These are arranged either head-to-head (divergent) or tail-to-tail 
(convergent), or interrupted by RNA genes causing splitting o f  the PGCs into two or
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more head-to-tail arrays (sequential) (M yler et al, 1999; W orthey et al, 2003; M yler 
and Fasel, 2008).
Leishmania telom eres are relatively small and consist o f  a few  different types o f 
repeat sequence (M yler and Fasel, 2008). In the L. major Friedlin sequenced genom e 
the telom ere has a repeated structure (ACCCTA ) and studies showed that 
recom bination between different groups o f  telom eres can occur, causing sharing o f 
telom ere proxim al protein coding genes and sub-telom eric sequences (Chiurillo et al, 
2000; Sunkin et a l, 2000; M yler and Fasel, 2008).
Leishmania has unusual characteristics regarding the regulation o f  gene expression. 
Leishmania genes have no introns in their transcription units, the protein coding 
regions do not get interrupted (M air et al., 2000 a). The groups o f  genes in PGCs are 
co-transcribed to yield polycistronic pre-m RN A s (M yler et al, 1999; W orthey et al., 
2003; Ivens et al, 2005). Posttranscriptional processing involves a ^raws-splicing 
m echanism  in which a small capped RNA o f  39 nucleotides is added, the spliced 
leader RNA (SL RNA), to the 5' term inus o f  the mRNA, and a 3' cleavage and 
polyadenylation (Ullu et al, 1996). Various studies have proposed that the trans­
splicing and polyadenylation processes in Leishmania are linked and have com m on 
regulatory signals (LeBowtiz et al, 1993; M atthews et al, 1994).Gene expression 
regulation is exclusively a post-transcription process where control o f  m RNA  stability 
and translation is exerted. These processes are determ ined, at least partly, by 
sequences w ithin 3' untranslated region o f the relevant gene (3' UTR) (Fig. 13). Such 
control o f  gene expression has been shown to be involved in regulation o f  Leishmania 
differentiation within macrophages (Clayton, 2002; Boucher et al, 2002; Folgueira et 



























Figure 13. Comparison of mRNA synthesis in higher eukaryotes (a) and 
trypanosomatids (b). Leishmania genes have no introns their transcription
units and gene expression regulation is exclusively a post-transcription process. The
Posttranscriptional process involves a tram-splicing mechanism where a
small capped of the spliced leader RNA (SL RNA) is added to the 5'





2.1 Cuticle structure of the sand fly gut
D uring the life cycle o f  Leishmania inside sand fly, some stages (ex, nectom onads and 
haptom onads) attached to the cuticle surface o f  vector gut. M any studies have been 
conducted using light and electron m icroscope to understand and describe the 
structure and com position o f  insect gut. Both m ethods were agreed that the cuticle line 
is actually secreted by a single layer o f  epidermal cells that covers the entire surface o f  
the insect including fore-gut and hind-gut, while the m id-gut is lined with m icrovilli. 
The cuticle is com posed o f  several layers, starting from the outside: cem ent and wax, 
then epicuticle, then exo- and endocuticle (Fig. 14, Fig. 15) (W igglesw orth, 1948, 
V incent and W egest, 2004, Bruck and Stocken, 1972 (A) and (B), Filshie, 1970). The 
cuticulin has a thickness o f  12 — 18 nm and it is noticed that the cuticulin line have 
sublayers too that been seen during their developm ent process (Locke, 1966). Beneath 
the cuticulin the protein epicuticle layer is deposited which characterized by different 
thickness form s (Locke, 1974, 1976). Through the protein layer w ax canals were 
shown penetrated and connected to the pore canals in the procuticle (region o f  the 
cuticle located between the epicuticle and epiderm al cells, and it constitutes the main 
part o f  the total cuticlele (Andersen, 1979)) and term inate in the cuticulin or on its 
surface (Bruck and Stocken, 1972 (A), Locke, 1961). Based on cuticle exam ination; 
some studied proposed that the cuticle is covered by lipids in a w ax form which 
secreted from wax canals and they related that to the formation and transportation the
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lipids within the cuticle, where in some insect the wax layer showed covered by a 
cement layer. Both may play a role in cuticle protective and permeability barrier 
properties (Andersen, 1979, Locke, 1961). The chitin is another composition o f  the 
cuticle line o f  sand-fly gut. It is consisting o f  arrangements o f  highly crystalline chitin 
nanofibres embedded in a matrix o f  protein, polyphenols and water, with small 
amounts o f  lipid (Vincent and Wegest, 2004) Chitin is an acetylated polysaccharide 
akin to cellulose in its structure. The monosaccharide units are linked together through 
p-1,4 links that make the molecule very straight and ribbon-like. The chitin chains are 
arranged anti-parallel form (the a  form) and combine into a highly crystalline 
structure within which the sugar residues are heavily H-bonded imparting stiffness 
and chemical stability. Within the body o f  the cuticle the chitin is organized into 
nanofibres with about 3 nm in diameter and about 0.3 pm long, each containing 19 
molecular chains (Atkins, 1985).
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F igure . 14. Section o f typ ical insect cuticle. (Wigglesworth, 1948)
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The vectors body has being a harbour for several organism s not only Leishmania. 
M any studies introduced different organism s, bacteria, fungi and other flagellates 
organism s, discovered live and transm it by attachm ent phenom ena like 
Trypanosom ads. Serratia entomophila is a pathogenic bacterium that adheres to 
the foregut cuticle o f  Costelytra zealandica by fim briae to the epicuticular superficial 
layer (Binnington, 1993). The flagellate Crithidia fasciculata parasite found attached 
in clusters to the lining o f  the gut o f  different m osquito species (Scolaro et al, 2005). 
Parasites also attached to different parts o f  the vector body like the rectum; 
Trypanosoma lewisi showed attached to the rectal wall o f  the Nosopsyllus fasciatusis 
by penetration o f  the flagella between the highly folded wall o f  the rectum, by the 
w edging o f  the expanded flagella in these folds and irregularities o f  the wall and by a 
zonula adherens functional com plex between the flagellar m em brane and the cuticle 
o f  the rectum  (M olyneux, 1969).
2.2 Leishmania life cycle
Fem ale phlebotom ine sand flies are responsible for leishm aniasis transm ission. Adult 
females o f  the genus Phlebotomus transm it the disease in the Old W orld, whereas the 
genus Lutzomyia is responsible in the N ew  W orld. The two genera are 
m orphologically similar; the adults are very small in size, 1.5-3.5 mm in length, have 
large black eyes, a hairy body and hold their wings in a “V -shape” when resting. 
Fem ales feed on plant ju ices and suck blood from a variety o f  vertebrates such as 
dogs, livestock, lizards and rodents. M any fem ales o f  Phlebotomus and Lutzomyia bite 
m am m als, including hum ans (Fig. 2). People can be bitten by fem ale sand flies at 
night, but biting also can occur during the day in dark room s or in cloudy forests 
(Service, 2008).
28
M ost human leishm aniasis is zoonotic, transm itted from an animal reservoir, and the 
degree o f  hum an involvem ent in the transm ission process is different from area to area 
(Service, 2008). For example, in some areas sand flies transm it the disease between 
anim als w ith minim al or w ithout human involvem ent, whereas in other areas anim als 
play an important part as reservoir hosts o f  hum an infection. In India, the disease can 
be transm itted from hum an to human by sand flies with no role for animals in its 
transm ission (Bates, 1994; Silva et al., 2002; Service, 2008).
The Leishmania life cycle is com plicated. Fem ale sand flies become infected when 
they feed on the blood o f  an infected animal or hum an reservoir (Fig. 2). Sand flies are 
pool feeders that create a small w ound in the skin and then take up blood, so rather 
than acquiring parasites direct from  the blood they originate from m acrophages in the 
skin. They ingest m acrophages that are filled w ith am astigotes within that blood meal. 
The am astigotes are released in the m idgut and transform  into procyclic prom astigotes 
(Fig. 16, 17). In vitro am astigotes transform  into prom astigotes within 24-48 hours in 
suitable culture media and tem perature (about 26 G), and amastigote transform ation to 
prom astigotes and cell division occur together (Bates, 1994). The procyclic 
prom astigotes are the m ultiplicative forms w hich responsible for initial expansion o f  
the parasites in the sand fly (Lawyer et al., 1990; Rogers et al., 2002; Gossage et al., 
2003; Lawyer et a l,  1987; W alter et a l,  1987; W alter et al., 1989b; N ieves and 
Pim enta 2000). The procyclic prom astigotes are found in the m idgut or hindgut 
( Viannia) and m ultiply rapidly, 2-3 days after the blood m eal, into elongate 
nectom onad prom astigotes (Service, 2008; Gullan and Cranston, 1998; Bates and 
Rogers, 2004). Nectom onads measure over 12pm in length, these are initially free in 
the lumen. They have a typical kinetoplast about 2pm  from the anterior end and a 
flagellum em erging anteriorly. The free flagellum  is approxim ately the same length as
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the body but m ay be up to 20pm  in length. The overall shape is that o f  a spindle with 
the posterior end gradually tapering to a point. Nectom onads are electron dense due to 
a high ribosom al content (M olyneux and Killick-Kendrick, 1987).
N ectom onad prom astigotes in sand fly midgut try to escape from  the peritrophic 
m atrix (PM ), which is a structure surrounding the blood meal (Fig. 16). This matrix 
facilitates the digestive processes o f  the sand fly and works as a defence line against 
m icroorganism s and parasites (Gullan and Cranston, 1998; Tellam , 1999). 
N ectom onads secrete chitinase and protease enzymes in the anterior region o f  the 
peritophic m atrix, which m ay accelerate the matrix breaking down (Rogers et al., 
2002; Tellam , 1999; M arquardt, 2000). When they m anage to escape from  the PM 
they m ove forward in the alim entary tract. Nectom onads attach to the sand fly m idgut 
epithelium  by inserting their flagella between the m icrovilli, and is m ediated by 
interaction between their flagella and lipophosphoglycan (LPG) (Sacks et a l,  2000; 
Pim enta et al., 1994; Butcher et al., 1996). Evidence from  a study conducted to 
determ ine the function o f  LPG proposed that the LPG works as a ligand that enables 
parasite attachm ent to the sand fly m idgut (Jacobson, 1995).
The second function o f  the nectom onads is as a strongly m otile form, w hich is spread 
the infection further from the abdominal m idgut in the sand fly. This m otile form is 
responsible for m igration o f  the parasite population to the sand fly thoracic m idgut 
(Rogers et al., 2002) (Fig. 16). The third function o f  the nectom onad is developm ent 
into leptom onad forms, which occurs 3-7 days after the blood m eal. Leptom onad 
prom astigotes are about 6-8pm  in length and accum ulate in the lum en m idgut. The 
transform ation to leptom onads occurs when the infection has spread to the anterior 
m idgut and the cuticular surface o f  the stomodeal valve at the junction  with the
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foregut (Bates and Rogers, 2004). The leptomonad term is a new and recent addition 
to the Leishmania life cycle description (Rogers et al., 2002; Gossage et al., 2003). 
The use o f  a new term for these promastigotes was based on their functions, which 
differ from nectomonad or metcyclic promastigotes. The main function o f  
leptomonads is the production o f  a gel-like substance named promastigote secretory 
gel (PSG) (Rogers et al., 2002; Stierhof et al., 1999). The PSG plays an important 
role in the infection by helping in create a blocked fly (Bates and Rogers, 2004).
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F ig u re  16. D iag ram  o f th e  san d  fly a lim en ta ry  tra c t  con ta in ing  an infective blood 
m eal. The figure depicts a partially digested blood meal with dividing promastigotes 
in the abdominal mid-gut, a partially degenerated peritrophic membrane, and escaped 
promastigotes with some attached to the microvilli via their flagella. The sequential 
morphological development o f  promastigotes and regions o f  the gut in which these 
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Figure 17. Development of Leishmania inside the vector sand fly. A m astigotes 
w ithin the infective blood meal transform  to procyclic prom astigotes. Procyclic 
prom stigotes divide and differentiate into distinctive nectom onad prom astigotes, 
which accum ulate in the anterior part o f  PM. Some o f  the nectom onads attach to the 
m idgut epithelium  inserting their flagella to the microvilli, while other nectom onads 
rem ain motile and spread the infection in the sand fly midgut. The developm ent o f  
leptom onad forms is either from the m otile or attached nectom onads. The haptom onad 
form is found attached to the cuticular surface o f  the stomodeal valve, their origin is 
uncertain either com ing from the leptomonad or the nectom onad form s. The 
population o f  leptom onads m ultiplies and differentiates into m etacyclic prom astigotes 
the m am m al-infective forms. (Taken from Bates, 2007).
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The haptom onad prom astigotes are a population found in the anterior m idgut o f  the 
sand fly, and they are different to leptomonads. Haptom onads are short, fat, and 
usually less than 12pm in length and sometimes as short as 5-8pm . The kinetoplast is 
anterior in position and the free flagellum m easures up to 15pm in length. They are 
electron lucent prom astigotes, which attach to the cuticular lining o f  the stom odeal 
valve by expansion o f  the tip o f  their flagella and form ation o f  hem idesm osom e-like 
structures (K illick-K endrick et al., 1974; M olyneux and Killick-Kendrick, 1987; 
W alters et al., 1989). The origin o f  haptom onads is uncertain, w hether it is from 
nectom onad prom astigotes or from leptomonad prom astigotes (Fig. 17) (Bates and 
Rogers, 2004).
The other m ajor population that originates from leptom onads found in the sand fly 
m idgut is the m etacyclic prom astigotes (Rogers et al., 2002; Gossage et al., 2003). 
They are about 5-8pm , non-dividing, slender highly m otile forms with long flagella. 
The m etacyclics are found in the anterior m idgut and m outhparts o f  the sand fly after 
four to tw elve days o f  taking the infective blood meal. In fact the previous feeding on 
sugars from plant ju ices is necessary for parasite developm ent in sand fly midgut. 
M etacyclics are the infective form for mam m als, when the sand fly feeds on a new 
host m etacyclics are inoculated into that host and initiate infection (W alters et al., 
1989; Service, 2008). (Fig. 16, 17).
In the m am m alian host m etacyclic prom astigotes quickly invade host cells and 
transform  into intracellular am astigote forms. They m ultiply by longitudinal fission 
and cause host cell dam age (Beck and Davies, 1981). A m astigotes invade a wide 
range o f  cells from the reticuloendothelial system, such as m onocytes, m acrophages 
and polym orphonuclear neutrophils o f  the blood, lymph, and bone m arrow. The extent
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o f  the invasion depends on the species and host immunity. The am astigotes from 
m acrophages are then taken up by a sand fly when it feeds on infected host and the 
parasites continue their life cycle (Beck and Davies, 1981, Bray and A lexander, 1987) 
(Fig. 2).
2.3 Parasite-vector interaction
During the life cycle o f  the parasites inside the vector m idgut, they pass
through potentially hostile environmental conditions and encounter physical 
barriers that need to be overcom e and require the parasites to have special 
m echanism s and special ways o f  interaction to survive (Sacks and Kamhawi,
2001).
D uring the bloodm eal the vector midgut starts to secrete various digestive 
enzymes such as trypsin, carboxy-peptidase, chym otrypsin and 
am inopeptidase. Secretion o f  these proteolytic enzymes creates a harsh
environm ent for parasites to survive (Borovsky and Schlein, 1987). It was
found that the concentration o f  these enzymes reached the peak within 24 to 
48 hours after feeding and nearly 50% o f the parasites were killed during that 
tim e (Shatova et al, 1984; Pim enta et al, 1997; Schlein and Jacobson, 1998), 
which is a big challenge facing the parasite to overcom e to com plete the life 
cycle. A dler (1938) investigated the action o f  m idgut digestive enzym es on 
parasites. He studied the early survival o f  L. tropica inside the m idgut o f  P. 
papatasi flies, which is not a natural vector. He found that by decreasing the 
percentage o f  rabbit serum that was fed to the infected fly, the infection rate 
was enhanced. He explained this finding that as a result o f  lowering the 
protein serum in the bloodmeal the production o f  protease enzym es was
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decreased too, and that protected the parasites from being killed or destroyed 
by the action o f  the enzymes. Other studies conducted by Borovsky and 
Schlein (1987) supported Adler's finding; they studied the survival 
o f  L. donovani in P. papatasi by adding soybean trypsin inhibitor to the 
vector bloodmeal and found that this addition boosted the survival o f 
parasites in the midgut. A Study observed that am astigotes o f  L. major 
infection caused a significant suppression o f  alkaline protease, trypsin and 
am inopeptidase activity during the first 30 hours after ingestion o f  bloodm eal 
into P. papatasi, the natural vector o f  L .major in com paring with the effect 
o f  am astigotes o f  L. major in P. langeroni , non-natural vector, was unclear 
(Dillon and Lane, 1993)
Based on those results it is obvious that the ability o f  the parasites to live 
inside unfavorable vectors is enhanced by decreasing levels o f  digestive 
enzymes. From that it could be postulated that the survival o f  Leishmania 
species inside their favorable vectors is prom oted by the ability o f  the 
parasites to resist the digestive enzymes actions or it may be due to their 
capacity to reduce or modulate the level o f  the secreted enzymes (Sacks and 
Kamhawi, 2001), as had been observed by Schlein et al., (1986; 1987) where 
L. major inhibited production o f  proteolytic enzymes w ithin the P. papatasi 
(normal vector) midgut. The effect o f  the parasites on the production o f  
proteolytic enzymes was also reported when P. duboscqi flies were fed on 
blood containing galactosamine. The L. major parasites inhibited the lectin 
action which led to enhancem ent o f  the gut infection (Volf, 1998).
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A nother challenge facing the parasites during their presence in the m idgut is 
the peritrophic m atrix (PM). The PM is secreted by the epithelium  midgut 
and is com posed o f  a chitin network consisting o f  proteins and proteoglycans. 
The PM has m ultiple functions; within the first 4 hours o f  the bloodm eal the 
PM m akes a cylindrical sheet that encloses the meal in the abdom inal m idgut, 
which functions as sem i-perm eable barrier for the digestive enzym es 
(Blackburn et al., 1988; Gemetchu, 1974; Terra, 1990; W alters et al., 1993). 
The PM also works as a protective shield against m icrobes, w hich in this case 
the parasites need to escape from in order to survive (Feng, 1951; W alters et 
al., 1992). Observations on the behaviour o f  Leishmania w ithin unnatural 
vectors w ith L. donovani infection in P. mongolensis (Feng, 1951) and L. 
panamensis in P. papatasi (W alters, 1992), revealed that the loss o f 
Leishmania infection in those vectors was due to the inability o f  the parasites 
to escape the PM. In contrast observations from m onitoring L. major w ithin 
P. papatasi found that the parasites which successfully transform ed were 
those who managed to escape rapidly from the peritrophic m atrix (C ihakova 
and Volf, 1997). Their way to break-through the PM is by secretion o f 
chitinase enzyme, which leads to breakdown the m atrix and facilitates their 
escape (Schlein et al., 1991). To confirm  the action o f  chitinase on the intact 
o f  PM, studies were conducted involving chitinase inhibitor (allosam idin) 
treated flies. The PM structure in experim ents w here allosam idin was added 
to the bloodm eal o f  P. papatasi appeared more intact and thick for up to 7 
days. The effect o f  allosam idin was to delay L. major from escape, and when 
they finally escaped the infection was lost (Pim enta et a l, 1997). Study o f  the 
protein code o f  the chitinase enzyme found it is antigenically and
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enzymatically different am ong Leishmania species, which may contribute to 
differences in species vector interactions (Shakarian and Dwyer, 1998, 2000; 
Sacks and Kamhawi, 2001).
2.4 Mechanisms of parasite attachment
A fter the parasites pass through the peritrophic matrix, they continue their life cycle 
and ultim ately differentiate into m etacyclic prom astigotes. Prom astigotes are seen 
attached to the gut wall, which prevents the parasites being elim inated by the action o f  
the gut (Sacks and Kamhawi, 2001). The first observation o f  the attached parasites 
was by A dler and Theodor (1927) using light microscopy. Later m ore studies were 
pursued devoted to investigate the attachm ent process and subsequent ultrastructural 
images by electron m icroscopy and showed the parasites attached to the epithelial 
lining o f  the m idgut by their flagella (K illick-K endrick et al., 1974; W arburg et al., 
1986; W alters et al., 1989).
The attachm ent to the gut occurs in several different ways. The flagellar binding to the 
m idgut is m ost likely to be a receptor-1 igand interaction system as there is no obvious 
ultrastructural m odification o f flagella during their binding to the m idgut (Bates, 
2008). In agreem ent w ith this, m idgut attachm ent o f  prom astigotes can be m editated 
by the surface molecule lipophsphoglycan (LPG), a ligand that plays an im portant role 
in the attachm ent mechanism  as described in m any studies (Jacobson, 1995; 
Kamhawi, 2006; Silva et al., 2009). The first described receptor that was reported to 
interact w ith LPG was a 65kDa protein from P. papatasi, w hich bound to LPG o f  
L. major species (Dillon and Lane, 1999). The best characterised receptor from the 
sand fly that binds to LPG in the m idgut is a galectin m olecule (Kam hawi et al., 
2004). PpGalec is a specific receptor expressed mainly by P. papatasi and
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P. duboscqi that only binds to poly-Gal ((31-3) side chains on the LPG ligand o f  
L. major (Kamhawi et al., 2004). In vitro, anti-PpGalec antibodies were used and the 
binding o f  the PpGalec receptor to L. major LPG was inhibited, and when P. papatasi 
flies were fed with bloodmeal containing anti-PpGalec antibodies, the survival and 
developm ent o f  L. major parasites was reduced, indicating that the binding o f 
L. major LPG receptors to PpGalec receptors in P. papatasm  essential for L. major 
infection in P. papatasi (Kamhawi et al., 2004; M yler and Fasel, 2008). M any studies 
have investigated the structure o f  LPG structure and the attachm ent sites am ong 
different Leishmania and vectors, and have found there are significant variations in 
LPG structure and LPG-m ediated receptors between different species that may 
contribute to the specificity o f  the parasites-vector interaction (M cConville et 
al., 1990; 1995).
A nother w ay that prom astigotes attach to the m idgut is via a LPG-independent 
mechanism  that m ay occur in certain sand flies and with a limited range o f  
Leishmania species (M yskova et al., 2007; V o lf and M yskova, 2007). In fact, this 
LPG-independent m echanism  was first observed when LPG 1-/-m utants o f  L. 
mexicana were shown to be capable o f m aturing and produced an infection in 
Lu. longipalpis (Rogers et al., 2004).A lthough this m echanism  is still not fully 
understood and needs to be investigated further and the details clarified, it will add to 
the variety o f  attachm ent m echanisms in Leishmania parasites (Bates, 2008).
The subject o f  this project concerns a third m echanism  o f  attachment. 
Trypanosom atids share a common m echanism  o f  attachm ent with each other, in which 
they expand their flagellar tip and form hem idesm osom al-like structures. This 
hem idesm osom e-like structure has been known for a long tim e (since the 1970s),
38
where trypanosom atids had been seen to adhere them selves to chitinous surfaces o f  
the vector m idgut (M olyneux, 1977; M olyneux et al., 1987). Various studies have 
sim ulated the attachment mechanism in vitro by using different materials. 
Investigation o f  Crithidia fasciculata and Trypanosoma congolense attachm ent in 
vitro found the attachment o f  those parasites was sim ilar to the m echanism  that occurs 
within their vectors (Brooker, 1971; Gray et al., 1981).In the Leishmania life cycle the 
stage that is characterised by forming hem idesm osom al-like structures is haptom onad 
prom astigotes. They use this structure to anchor them selves to cuticle-lined parts o f  
the gut (foregut, stomodeal valve and hindgut) (W akid and Bates, 2004). Despite the 
fact that the ultrastructure o f  the hem idesm osom e has been described for a long time, 
it is still undescribed biochem ically (Bates, 2008).
Since that time, several studies have been conducted to investigate the 
hem idesm osom al m echanism  o f  attachm ent in trypanosom atids. The results showed 
that attachm ent o f  trypanosom atids in their vectors takes place on chitin-lined 
surfaces. M any studies proposed that chitin has a role in that attachm ent (W allbanks et 
al., 1989; Stiles et al., 1990). Other studies conducted have shown that the m echanism  
o f  attachm ent is based on hydrophobic interaction (Schm idt et al., 1998; Kleffm ann et 
al., 1998). Later, the attachm ent m echanism  o f  Leishmania prom astigotes was 
investigated using a new and quantifiable in vitro assay system, and indicated that 
flagellar attachm ent is mediated by a non-specific hydrophobic interaction in 
Leishmania species (W akid and Bates, 2004). A ccording to observations made during 
som e in vitro attachment studies, it is believed that the attachm ent process in 
trypanosom atids is necessary for metacyclic parasites production but not for parasite 
proliferation (Fish et al., 1987; Hendry and Vickerm an, 1988; Bonaldo et al., 1988; 
Vickerm an and Tetley, 1990; Thom as and Dean, 1990).
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2.5 Leishmania Flagella Structure and Biology
Flagella in all parasites play an im portant role in parasites m ovem ent and attachm ent 
to their host. They are sim ilar in their function and structure to cilia with differences in 
length and beating action (Gibbons, 1981). Both o f  them are com posed o f  a m ass o f  
m icrotubules known as the axoneme (W arner, 1974). All kinetoplastid protozoa have 
a sim ilar flagellum structure. Studies o f  ultrastructural cross-sections o f  Leishmania 
flagella have shown no difference between them  and flagella o f  other kinetoplastid 
parasites. However, the length o f  the flagellum  changes from stage to stage during the 
Leishmania life cycle. The flagella o f  the am astigotes are small and short in length. 
They arise from the flagellar pocket but do not extend beyond that (Ashford and 
Bates, 1999) (Fig. 11).
Leishmania prom astigote flagella have an axonem e structure that consists o f  nine 
pairs o f  outer doublets and two central single microtubules. This axonem e is 
connected to the basal body, w here the flagella originate. Beside the axonem e, 
another structure emerges from the flagellar pocket known as the paraflagellar rod. 
The paraflagellar rod is present all along doublets 4-7 and located in the plane 
bisecting the axoneme through its tw o central m icrotubules (M olyneux and Killick- 
Kendrick, 1987; V ickerm an and Tetley, 1990). In attached prom astigotes the flagella 
condense and become shorter than in non-attached forms. Flagellar tips becom e 
extended and form foot-like structures that are know n as hem idesm osom es (W alters et 
al., 1989) (Fig. 18).
2.6 Structure of Microtubules
M icrotubules are fundam ental com ponents o f  the cytoskeleton, playing im portant 
roles in cell motility and cell m orphogenesis (Hyam s and Lloyd, 1993, Am os, 2000,
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Downing, 2000). They are highly dynamic com ponents (M itchison and Kirschner, 
1984; Desai and M itchison, 1997; Nogales, 2000; Howard and Hym an, 2003). In vivo, 
the stability o f  m icrotubules is controlled by m icrotubule-associated proteins 
(Hirokawa, 1994; M andelkow and Mandelkow, 1995). M icrotubule basic structure 
consists o f  globular subunits o f  heterodimers o f  aP-tubulin. Both proteins have a 
m olecular m ass o f  about 50 kDa (Desai and M itchison, 1997) and consist o f  a sim ilar 
sequence o f  450 amino acids; about 40%  o f this sequence is identical (Luduena, 
1998).
In addition to the a,p-tubulin proteins, another type, y-tubulin, w as discovered. It is 
located in the centrosom e and it is the starting point o f  the m icrotubule assem bly 
(Shiebel, 2000). The axoneme contains nine outer pairs o f  doublet m icrotubules and 
tw o central single m icrotubules that form the 9 + 2 array structure (Fig. 19). The outer 
doublets o f  the 9 array consist o f A and B subfibres. The A subfibre is m ade o f  a 
com plete m icrotubule with 13 protofilaments, but in case o f  the B subfibre the 
m icrotubule is incomplete with 10 protofilam ents. Both A and B subfibres are 
connected to each other by filam ents o f  protein tektins, localized in basal bodies and 
occurring in 1:17 w eight ratio to tubulin (Stephens and Lem ieux, 1998).Both inner 
and outer arms o f  dynein are connected to every A subfibre at regular intervals and 
that is what creates the m otility in cilia and flagella (Goodenough and Heuser, 1985a, 
1985b, 1984). The nine outer doublet m icrotubule structures are seen attached to the 
tw o central single m icrotubules at each A subfibre by radial spokes and spokeheads 
(Gibbons, 1981). The central pair o f  the single m icrotubules is surrounded by an inner 
sheath. A bridge connects this central pair, while the outer doublets are bridged 
together by highly elastic inter-doublet linkers. These linkers, nexin proteins, are
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normally about 20 nm, but the diam eter can stretched to reach up to 200nm (Bozkurt 
and W oolley, 1993).
(B)
F ig u re  18. E lec tron  m ic ro g rap h s  o f Leishmania flagella. (A) High pow er scanning 
electron m icrograph from underneath showing prom astigotes attached to the surface 
with flagella and expanded flagellar tips. (B) High power transm ission electron
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micrograph showing expanded flagella tips o f  in vitro attached promastigotes with 
formation o f  hemidesmosome plaques (arrowheads). (Taken from Wakid and Bates, 
2004).
F ig u re  19. 3D sim ula ted  p ic tu re  o f flagellum  axonem e. The illustration shows the 
9+2 array structure that consists o f  nine outer pairs o f  doublet microtubules and two 
central single microtubules (blue), the paracrystalline paraflagellar rod structure is 
shown in red and in grey/green is the cell membrane bilayer. The image was created in 
Blender based on scanning and transmission electron micrographs by Wheeler R. 
(2013).
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2.7 The Desmosome and Hemidesmosome
The desm osom e and hem idesm osom e are terms used to describe structures in 
kinetoplastids that are sim ilar to structures found in other species in vertebrate 
epithelial cell layers (Brooker, 1971a; 1971b). Desm osom es are cell surface 
attachm ent sites for intermediate filaments at cell to cell contact points, while 
hem idesm osom es are prim arily found at the basem ent m em brane zones o f  epithelia. 
These two structures m ediate cytoskeleton adhesion to the extracellular m atrix 
(Fontao et al., 1999; Green and Jones, 1996; Borradori and Sonnenberg, 1996; H ieda 
etal., 1992).
H em idesm osom e molecules from epithelial cells are classified into m em brane 
m olecules, plaque m olecules and matrix m olecules. C haracterization o f  
hem idesm osom al proteins showed that m embrane molecules include the bullous 
pem phigoid antigen protein o f  180 kDa (BP 180), and heterodim ers o f  
hem idesm osom e integrins (a6p4 integrin). Plaque m olecule identification showed the 
bullous pem phigoid antigen o f  230 kDa (BP 230), interm ediate filam ent (IF) 
associated proteins o f  300 kDa (IFAP 300), and plectin, which is an IF-associated 
protein related to IFAP 300. Laminin-5, which is also referred to as GB3 antigen, 
epiligrin and kalinin are the matrix molecules and they serve as ligands for a6p4 
integrin (H ieda et al., 1992; Jones et al., 1994, Green & Jones 1996, Borradori and 
Sonnenberg, 1999).
The ultrastructure o f  trypanosom atid hem idesm osom es has been known for m any 
years but know ledge o f  the hem idesm osom e function and the biochem ical 
m odification o f  parasites flagella in the attachment m echanism  rem ains very limited 
(Borradori and Sonnenberg, 1999; Bates, 2008).
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2.8 Flagellar proteins and their roles in trypanosomatid life cycles
Several studies have been performed in vitro to try and identify flagellar plaque 
m olecules, and investigate their architecture to understand the process o f  attachm ent 
and detachm ent. Identification and understanding o f  these m olecules could provide 
valuable information to help to understand the interaction between the parasites and 
their vector hosts. One study showed an abundant protein in attached Trypanosoma 
congolense epim astigotes with a m olecular mass o f  about 70 kDa, and the authors 
proposed that this protein is likely to be a m ajor constituent in the hem idesm osom e 
structure (Beattie and Gull, 1997). However, this study has not been followed up and 
it is likely that this protein was in fact contam inating serum album in (Ginger, personal 
com m unication). Studies on proteins associated with the flagellar attachm ent zone in 
Trypanosoma cruzi trypom astigote and epim astigote cytoskeletons, using monoclonal 
antibodies, resulted in identification o f protein bands o f  m olecular m asses higher than 
750 kD a up to 2500 kDa. A giant protein o f 2500-3000 kD a was found in the anterior 
end o f  the cell body microtubules near the desm osom al junction o f  prom astigote 
form s o f  the flagellate Phytomonas serpens (infects plants) (Ruiz-M oreno et al., 1995; 
Baqui et al., 1996).
Results o f  another study demonstrated the existence o f  a novel class o f  m ega dalton 
phosphoproteins in prom astigote forms o f  trypanosom atids, which appeared to be 
genus specific w ith distinct cytoskeletal functions. Prom astigote form s o f  Leishmania 
tarentolae and the trypanosom atids Leptomonas samueli and Phytomonas serpens 
express cytoskeletal giant proteins with apparent m olecular m asses o f  1,200 kDa (Lt 
1200), 2,500 kDa (Ls 2500), and 3,500 kDa (Ps 3500), respectively (Baqui et a l, 
2000). Polypeptide similarity between Lt 1200 and Ps 3500 was recognized using 
polyclonal antibodies. The anti-Ls 2500 serum also cross reacted with Ps 3500, and
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w ith a 500-kDa polypeptide o f  Leishmania tarentolae. Their results also indicated that 
Ps 3500, Ls 2500, and Lt 1200 are phosphorylated in vivo at serine and threonine 
residues, whereas, in vitro examination o f  cytoskeletal fractions revealed that only Ps 
3500 and Ls 2500 are phosphorylated. Heat treatm ent (100°C) o f  high salt 
cytoskeletal extracts demonstrated that Ps 3500 and Ls 2500 remain stable in solution, 
w hereas Lt 1200 is denatured. In addition, there is also evidence that Ps 3500 and Ls 
2500, in contrast to Lt 1200, seem to be autophosphorylating serine and threonine 
protein kinases, suggesting that they might play regulatory roles in the cytoskeletal 
organization (Baqui et al., 2000).
A nother study reported the occurrence and subcellular distribution o f  actin in 
trypanosom atid parasites. The results showed that about 106 copies per cell o f  actin 
(42.05 kDa) were present in the Leishmania prom astigote (Sahasrabuddhe, 2004). 
Analysis o f  the prim ary structure o f  this protein showed that the unusual 
characteristics o f  the protein may be related to the presence o f  highly diverged amino 
acids in the DNase I-binding loop (amino acids 40-50) and the hydrophobic plug 
(am ino acids 262-272) regions o f Leishmania actin. The subcellular distribution o f 
actin was studied by em ploying immuneelectron and im m unofluorescence 
m icroscopy. The protein was present not only in the flagellum , but also found in the 
flagellar pocket, nucleus and the kinetoplast, and also localized on the nuclear, 
vacuolar and cytoplasm ic face o f  the plasm a membranes. The results clearly indicate 
that Leishmania contains a novel form o f  actin which m ay structurally and 
functionally differ from other eukaryotic actins (Sahasrabuddhe, 2004).
A recent study was conducted on the life cycle proteom e o f  Leishmania donovani 
prom astigotes (Harder et al., 2010). They found that the correct form ation o f  the
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flagellum  has a strong impact on the characteristics o f  Leishmania parasites. Deletion 
o f  the gene for one com ponent o f the outer dynein arm docking com plex resulted in 
prom astigotes assuming an amastigote-like m orphology, as well as loss o f  motility. 
O ther studies have found that the paraflagellar rod proteins are important to maintain 
the form and normal function o f flagella and any gene deletions lead to losing the 
m otility o f  prom astigotes (Tull et al., 2010; Lahiri and Bhattacharya 2006). M yosin 
XXI, a novel isoform, was found to be expressed m ore predom inantly in the 
prom astigote stage o f Leishmania as an abundant protein (Katta et al., 2009).
Com parison o f  the proteom es o f procyclic and metacyclic prom astigotes identified 25 
protein spots that were differentially expressed during m etacyclogenesis (M ojtahedi et 
al., 2008). Proteins involved in protein synthesis were less abundant in metacyclic 
prom astigotes, while proteins involved in motility, including paraflagellar rod protein 
ID , a-tubulin  and p-tubulin were more abundant. Also, two m itochondrial enzymes 
(succinyl-CoA  synthetase p subunit and cytochrom e c oxidase subunit IV) were 
expressed as different isoforms in the life cycle stages. D ow n-regulation o f  proteins 
related to synthetic pathway in metacyclic prom astigotes is consistent with the 
arrested growth in this life cycle stage, while up-regulation o f  proteins related to 
m otility in m etacyclic prom astigotes is in agreem ent with the high m otility observed 
in the metacyclic prom astigote stage (M ojtahedi et al., 2008).
2.9 Project Hypothesis
D uring the Leishmania life cycle, the parasites attach to cuticular surfaces o f  the gut 
wall (foregut, stomodeal valve and in some species hindgut) and transform  into 
haptom onad forms. These form structures that connect the tip o f  the haptom onad 
flagellum  with the surface o f  the sand fly gut called hem idesm osom es. Our hypothesis
is that the hem idesm osom e proteins play an im portant or essential role in the 
parasite’s life cycle. The proteins in the hem idesm osom e are proposed to control and 
regulate the attachment mechanism. Therefore, if  those proteins were identified and 
their genes were knocked out or knocked down, it may result in the formation o f 
structurally abnormal hemidesmosomes. In that case, the parasites m ay be unable to 
attach, or they may achieve a weak attachment such that they readily detach, so they 
lose their ability to complete the life cycle because the hem idesm osom e fails to 
function properly.
Determ ining the identities o f  Leishmania hem idesm osom e proteins provides a good 
starting point to study hem idesm osom e function. Until now  the knowledge about 
hem idesm osom e flagellar protein molecules identity and their function are not 
sufficient for a full understanding o f  the hem idesm osom e mechanism  formed by 
Leishmania haptomonad promastigotes.
Therefore the overall aim o f  this study is to establish the m olecular identity o f  





Experim ental work was perform ed with Leishmania mexicana (M NY C/BZ/62/M 379), 
Leishmania major (M HO M /IL/80/Friedlin) and Leishmania tarentla (LV 108). They 
were cultured as axenic am astigotes and prom astigotes.
3.1.1 Culturing of amastigotes
Grace's insect cell culture medium (GIBCO 11300-043) with L-glutamine and w ithout 
sodium bicarbonate was used as the base m edium  for culturing amastigotes. Grace's 
m edium  was prepared by dissolving the powder (the whole bottle), plus 0.35g sodium 
bicarbonate NaHCC>3 (Sigma S-8875) in 1L o f  distilled water. The pH was adjusted to
6.2 by adding 1M NaOH. The medium was filtered using a Corning Incorporated 
(431096) 250ml filter system, 0.22pm  PES (Polyethersulfone) with vacuum pum p to 
sterilize the medium and then stored at 4°C.
80 ml o f  prepared Grace's insect m edium  was supplem ented with 20 ml o f  heat 
inactivated fetal bovine serum (FBS) (Hyclone, research grade, Perbio C H 30160.03), 
1 ml o f  BM E vitam in 100X stock (Sigma B6891), which had been frozen in 5 ml 
aliquots at -20 °C before use, and 0.25 ml gentam ycin sulphate (Sigm a G1272, 10 
mg/ml stock) diluted to 25pg/m l final concentration. The pH was adjusted to 5.5 by 
adding 1M HC1. The m edium  was then filtered as above to reduce the risk o f  any 
contam ination and sterilize the medium before use. The com plete medium was stored 
at 4°C.
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Am astigotes were cultured using 25 cm 2 cell culture flasks in 10 ml o f  com plete 
m edium  or 75 cm2 flasks in 50 ml o f medium at 32 °C. Amastigote cultures were 
m onitored, maintained and passaged at 5 x 106/ml starting density until sufficient 
num bers were generated to be harvested for protein extraction (~109 per extraction). 
Parasite growth was m onitored by haem ocytom eter counting. A 50pl volum e o f 
parasite culture was mixed with 50pl o f  4%  (v/v) formalin. The formalin kills the 
parasites and in the case o f  prom astigotes (below) stops movement, which m akes the 
counting much easier. A small drop o f  the m ixture was placed on the haem ocytom eter 
slide and examined using a 40x objective under the light microscope. 5 squares were 
counted, the 4 corners and one square in the centre. The density o f  the parasites in the 
culture was estimated using the formula: density = num ber o f  parasites counted in 5 
squares x 5 x 2 (for dilution) x 104/ml.
3.1.2 Culturing of promastigotes
M edium M l99 containing H ank’s salts, L-glutam ine, 25mM HEPES and L-amino 
acids (GIBCO 22350) was used as the base m edium  for culture o f  prom astigotes. A 
500 ml bottle o f  M l99 (supplied as liquid) was supplemented with 5 ml o f  BM E 
vitam in 100X stock, 1.25 ml gentam ycin sulphate, 2% sterile urine and 55 ml o f  FBS 
(10%  final concentration). The com plete medium was filtered using a Corning 
Incorporated (431096) 250ml filter system, 0.22pm  PES (Polyethersulfone) with 
vacuum  pump to sterilize the m edium, the pH was adjusted to 6.9, and then stored at 
4°C until required.
Prom astigotes were cultured using 25 cm 2 cell culture flasks in 10 ml o f  com plete 
m edium  at 25°C. Prom astigote cultures were initiated at 5 x 105/ml, then m onitored, 
m aintained and passaged until they reached log phase or stationary phase (depending
5 0
on experimental requirem ents) (stationary phase typically 2-4 x 107/m l) w ith sufficient 
num bers to establish cultures as techniques required.
Parasite growth was m onitored by haem ocytom eter counting. A 50 pi volum e o f  
parasite culture was mixed with 50 pi o f  4%  (v/v) formalin to im mobilise the 
parasites. A small drop o f  the m ixture was placed on the haem ocytom eter slide and 
examined using a 40x objective under the light microscope. Five squares were 
counted, the four corners and one square in the centre. The density o f  the parasites in 
the culture was estimated using the formula: density = num ber o f  parasites counted in 
5 squares x 5 x 2 (for dilution) x 104/ml.
3.2 Examination the ability of Leishmania mexicana to attach in vitro to different 
materials
In order to find a material that can provide a good quantity and quality o f  attached 
prom astigotes several m aterials were tested.
3.2.1 Melinex plastic sheet
Smooth M elinex plastic sheets (Agar Scientific L4103) were cut into small square 
pieces 15mm x 15mm. M elinex squares were washed with distilled w ater and 70%  
ethanol, then left to dry in a sterile environm ent in a tissue culture cabinet before use. 
They were then cultured with 2 ml volum es o f  prom astigote culture in sterile 12 well 
tissue culture plates (Costar, 12 well cell culture cluster 3513). The plates were sealed 
w ith ParaFilm  to protect the cultures from contam ination and incubated at 26°C.
Cultures were m onitored using an inverted m icroscope and fed regularly every 2-4 
days by rem oving ~ lm l and replacing with fresh medium in order to keep the 
parasites alive and active. The M elinex squares were removed at different tim e points, 
checked in two ways, by using an inverted microscope to look at the attachm ent in
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live parasites and by staining. In the latter case squares were fixed w ith absolute 
m ethanol, then left to dry, and later they were stained with 10% (v/v) G iem sa’s stain 
(im proved R66 solution Gurr, VW R 350864X) in lOmM phosphate buffer for 10 
m inutes. M elinex squares were rinsed with tap water and left to dry, and then 
exam ined using oil under a light microscope (100X) by putting a drop o f  w ater 
between a glass slide and the M elinex square to hold it firmly in place. To count the 
parasites on each M elinex square 10 random fields were examined and the average 
num ber o f  attached prom astigotes per field calculated. The num ber o f  attached 
prom astigotes per M elinex square was estimated by m ultiplying the attachm ent 
density per field x 9000 (Area o f  one field = 25x103 pm 2; area o f  one cover slip = 
225m m 2 = 225 x 106 pm 2) (W akid and Bates, 2004).
M elinex squares were used as a control for attached parasites on different m aterials.
3.2.2 Polycarbonate membrane filters
Polycarbonate m em brane filters (Steritech Corporation, PVP-Free 1.0pm x 47 mm) 
were used. Two types o f  polycarbonate m embrane were cultured with prom astigotes 
(P/N: PCTF1047100; hydrophobic surface and P/N; PCT1047100; hydrophilic 
surface). Filters were rem oved from their packs with sterilized forceps and incubated 
w ith 5 ml prom astigotes culture in disposable polystyrene round Petri dishes (100m m  
x 15mm) with lids, sealed with ParaFilm, and then incubated at 26°C. The cultures 
were checked every day under an inverted microscope. Filters were collected on 
different days using sterilized forceps and washed twice by shaking them  gently in 
round Petri dishes with 10 ml H ank’s balanced salt solution (HBSS) to rem ove u n ­
attached prom astigotes. Then they were transferred to a 50 ml universal tube with 5 
ml HBSS and vortexed for 5 min to remove un-attached prom astigotes.
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3.2.3 Chitin
Chitin powder (Sigma C-7170) was used to culture with Leishmania in vitro. The 
chitin powder was used directly following sterilization with 70% ethanol, then 
prepared in 1M NaCl solution (Shibata et al., 1997), 1 g o f  chitin in 100 ml NaCl. 
This chitin was used either without further treatment (un-sonicated) or following 
sonication at different powers, times and volumes (Table 3.1).
Un-sonicated 20 70% ethanol
Un-sonicated in NaCl solution 20 Autoclave
Sonicated in NaCl solution 24 10 5 Autoclave
Sonicated in NaCl solution 7.5 20 10 Autoclave
Sonicated in NaCl solution 12 15 15 Autoclave
Table 3.1 D ifferent sonication conditions o f chitin solution.
1 x 1 0  8 /ml o f  parasites were cultured with the various chitin preparations in 25 cm 2 
culture flasks and incubated at 25°C.
3.2.4 A garose
1% Agarose for routine use was used (Sigma A9539), 1 g agarose was prepared in 100 
ml Medium 199 and autoclaved. After cooling but before becoming solid (~45°C) 10 
ml o f  Agarose/M 199 medium was taken and supplemented with 25 pi gentamicin 
sulphate, 1.1 ml FBS and 100 pi BME vitamins. 1 ml volumes o f  supplemented 
Agarose/M 199 were used to cover the base o f  a 25 cm 2 culture flask and 3 ml to cover 
a round Petri dish. They were sealed with ParaFilm and incubated at 25°C.
Based on monitoring cultures and after determining the best time to collect, they were 
harvested. The flasks or Petri dishes were washed with M l 99 several times to remove
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the unattached parasites. The agarose was then cut into small pieces and collected in a 
50 ml universal tube with 5 ml M l99. The tube was vortexed for 1 min then 
centrifuged for 10 min at 3000g. The supernatant medium was discarded, keeping the 
m edium  in the bottom o f  the tube containing the parasites. The medium in the bottom 
o f  the universal tube was transferred to a microfuge tube and centrifuged for 5 min at 
10,000g. Slides were prepared and stained with G iem sa’s stain to exam ine the 
m orphology o f  the prom astigotes from the agarose culture.
3.2.5 n-Octacosane
Supplied as a waxy powder, n-Octacosane (Sigm a 0-2126) was sterilized with 70%  
ethanol and left to dry in the culture cabinet hood. About lg  o f  sterilized n-O ctacosane 
used in culture with prom astigotes in a 25 cm 2 culture flask. n-O ctacosane also m elted 
and as coated surface o f  M elinex plastic sheets.
3.2.6 ParaFiim
ParaFilm , the plastic packaging tape (Pechiney W 154952) was cut into squares, 
washed with 70% ethanol, and left to dry in a sterile environm ent. Then they were 
cultured with the parasites in round Petri dishes, sealed with ParaFilm and incubated 
at 25°C.
3.2.7 Paraffin wax (Candle wax)
Shavings o f  candle w ax were prepared from household candles using a scalpel blade. 
The shavings were sterilized with 70%  ethanol and left to dry in the culture cabinet 
hood. W hen they were dried, the shavings were cultured w ith the parasites in a 25 cm 2 
culture flask and incubated at 25°C.
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3.2.8 Polystyrene, Sepharose and Sephadex
M icro particles based on Polystyrene (Fluka 74491), CM Sepharose™ Fast Flow 
(Am ersham  Pharm acia Biotech AB 17-0719-10) and Sephadex (Sigm a G-25-150), 
which are sim ilar sized spherical particles, were used to test parasite attachm ent 
behaviour. 0.1 ml o f  each suspension was sterilized with 70% ethanol, left to dry in 
under sterile conditions. Then they were cultured with prom astigotes in 25 cm 2 culture 
flasks and left in the incubator at 25°C.
3.2.9 Ethvlene-vinvl acetate co-polvmer (EVA)
H ot Glue Sticks (Bostik Findley Limited) were used to generate EVA to culture with 
prom astigotes. The glue sticks (small cylinders -0 .75  cm diam eter x 5 cm length) 
were m elted at high tem perature (> 80°C) using a Bostik glue gun. W hen the stick is 
m elted it was extruded to different forms based on the techniques and the purpose o f  
use, and then cooled with distilled water. EVA once cooled becam e a solid flexible 
structure, which was then washed with distilled water, sterilized with 70%  ethanol and 
left to dry in a culture cabinet hood. They were then cultured with prom astigotes and 
incubated at 26°C.
All cultures with the different m aterials were checked and m onitored every day for 
attached parasites using inverted microscope.
3.3 Preparation of parasite cultures for protein extraction
All cells from different materials were collected from cultures depending on the 
material type (below).Then they were washed by centrifugation and resuspension with 
HBSS tw ice at 3000g for lOmin, then lysed for 30 minutes by using ice cold M M E 
buffer (0.2 % (v/v) Triton X-100, lOmM M OPS, 2mM EGTA, Im M  M g S 0 4, 1:1000
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protease inhibitor cocktail (Sigma P8215)). Protein extraction was perform ed as 
described later.
3.3.1 Polycarbonate membrane filters
The filters were collected from cultures on different days using sterilized forceps. 
They were washed tw ice by shaking them gently in round Petri dishes w ith 10 ml 
H ank’s balanced salt solution (HBSS) to remove un-attached prom astigotes. Then 
they were transferred to a 50 ml universal tube with 5 ml HBSS and vortexed for 5 
m in to rem ove un-attached promastigotes and those that had attached loosely. Then 
they placed in a Petri dish and cut into small pieces with sterilized scissors. The filter 
pieces were gently re-suspended in 5 ml ice cold M M E buffer. The sam ples were 
incubated for 30 m in resulting in cell lysis.
3.3.2 Chitin. candle wax and ethvlene-vinvl acetate co-polvmer
Chitin powders, candle flakes and pieces o f EVA, which were cut into small sizes 
1mm x 1mm, were collected from cultures after they were exam ined with an inverted 
m icroscope and showed parasites attached to them. They were transferred into 15 ml 
universal tubes and washed by centrifugation and resuspension w ith HBSS tw ice at 
3000g for lOmin. They were then collected and incubated with 1 ml o f  cold M M E 
buffer for 30 min.
Protein extraction was carried out for both free prom astigote flagella and attached 
forms, com paring and looking for different proteins based on protein banding 
appearance on SDS-PAGE gels.
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3.4 Isolation of Leishmania flagellar proteins
3.4.1 Isolation of Leishmania flagellar proteins from free, normal promastigotes
The protocol used was based on Schneider et al. (1988). Parasite cultures were 
harvested by centrifugation at 1500g for 10 min, the supernatant m edium  discarded 
and the cell pellet re-suspended in 10 ml o f ice cold M l99. The m edium  was used 
w ithout any supplem ents i.e. no serum. The suspension was centrifuged at 1500g for 
10 min, the supernatant removed and the cell pellet re-suspended again; this step was 
perform ed tw ice providing three washes in total for the cell pellet. A fter the final 
wash, the pellet was gently re-suspended in 1 ml o f  ice cold M M E buffer, resulting in 
cell lysis, and the lysate incubated on ice for 30 min. During the incubation the lysate 
was vortexed 6 tim es for 15 sec each time, at 5 min intervals. Follow ing incubation a 
40 pi volum e o f  the suspension was collected in small labeled m icrofuge tube as total 
proteins.
The rem aining lysate was centrifuged at 3000g for 10 min in a refrigerated m icrofuge 
at 4°C. A 100 pi volum e was retained from the supernatant in a m icrofuge tube and 
kept as soluble proteins. Then the remaining supernatant was discarded and the pellet 
re-suspended in 1 ml M M E buffer. The mixture was centrifuged at 3000g at 4°C for 
10 min. The supernatant was discarded and the pellet re-suspended in 0.5 ml M M E 
buffer. From this suspension 40 pi was collected in one small m icrofuge tube as 
insoluble proteins. To the rem aining volume 115 pi o f  5M NaCl (final concentration = 
1M N aCl) was added. Then, the m ixture was vortexed -1 0  tim es, each tim e 15 sec, 
over alO  min period and kept on ice in between vortexing. Later, the m ixture was 
centrifuged at 12,500g in a refrigerated microfuge 4°C for 30 min. A voiding the pellet 
100 pi was removed from the suspension and kept in a tube labeled as cytoskeleton.
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The rem aining supernatant was discarded and the pellet re-suspended in 1 ml SM M E 
(M M E buffer, 1M NaCl, +1:1000 protease inhibitor) buffer, followed by 
centrifugation at 12,500g, 4°C in a refrigerated m icrofuge for 30 min. Finally, the 
supernatant was removed and the pellet re-suspended in 100 pi M M E buffer and the 
tube labeled as flagella. A 10 pi volume o f  insoluble, cytoskeleton and flagella 
protein extractions was taken for preparation o f  smears on m icroscope slides to 
confirm  the extraction. Flagella appeared free (not intact to the m em brane) thread like 
structure on Giem sa stained slides.
3.4.2 Isolation of Leishmania flagellar proteins from promastigotes attached to 
materials
The protocol used was based on Schneider et al. (1988), and m odified to provide good 
quality and sufficient quantity o f proteins, as the expected num ber o f  the 
prom astigotes was not high. This procedure was the same basic m ethod for protein 
extraction o f  attached parasites with some different steps based on the specific 
m aterials, which are described within the results. When the m aterials were ready to 
collect, they were transferred from their culture into a universal tube w ith 10 ml HBSS 
or M l99 (no supplements), vortexed for 5 min and then centrifuged tw ice at 3000g for 
10 min to remove unattached parasites. Then the m aterials were transferred to another 
universal tube and incubated with 1 ml o f cold M M E buffer for 30 min on ice. The 
m edium  that was used to wash the materials was re-centrifuged for 10 m in at 3000g 
and the pellet was collected. The pellet was also incubated with 1 ml cold M M E 
buffer for the same duration. During the incubation the lysate was vortexed 6 tim es for 
15 sec each time, at 5 min intervals, followed by centrifugation at 3000g, 4°C in a 
refrigerated m icrofuge for 30 min. Finally, the supernatant was rem oved and the pellet
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re-suspended in 100 pi M M E buffer. The fractions were removed into separate tubes 
and both stored at -80°C until used for analysis.
3.5 Protein Assay
The concentration o f  the protein in samples was estimated by using a BCA ™  protein 
assay kit (Thermo Scientific 23227). Serial dilutions o f  standard proteins were 
prepared ranging from 0 to 2000 pg/ml (0, 7.81, 15.62, 31.25, 62.5, 125, 250, 500, 
1000, 2000). To make these, tubes containing 150 pi o f  diluent buffer (M M E buffer) 
were prepared. Then 150 pi o f  2mg/ml bovine serum albumin (BSA) was added into 
tube one and mixed, then 150 pi removed and added to tube two, repeating the process 
from high concentration to low concentration. 50pl o f  these standard dilutions were 
transferred to a second duplicate set o f  tubes. M icrofuge tubes were prepared and 
labeled with protein samples, and 108pl o f  diluent buffer added, then 12pl o f  protein 
samples added, final dilution was (1:10). 50pl o f  the diluted test sam ples were then 
transferred into two duplicate sets o f  tubes.
W orking reagent was prepared according to the m anufacturer’s instructions by adding 
50 parts o f  reagent A to one part o f  reagent B (50:1). 1 ml o f  w orking reagent was 
added to each 50 pi volume o f  standards and samples, and mixed well. The tubes were 
incubated at 37 °C for 30 min, then cooled to room tem perature and the absorbance 
(Optical density, OD) read at 570 nm. The mean absorbances o f  blanks were 
subtracted from all other standard and protein samples. OD versus protein 
concentration was plotted in pg/m l, then the calibration curve used to estim ate the 
concentration o f  proteins in test samples using M icrosoft Excel. An exam ple o f  an 
equation o f  the linear standard curve used to read protein concentrations in sam ples is:
Linear Standard curve equation; y = 0.0008x + 0.00343
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R2= 0.9977
(y) = standard optical density reading, (x) = standard concentration
Total protein concentration in samples (x) was calculated by inserting the (y) value in 
the standard equation:
y -  0 . 0 3 4 3
x  = ----------------------. 0 0 0 8
0
(y) = sample optical density reading, (x) = unknown protein concentration 
Amounts o f  total proteins were derived in jag/pl.
2000 1.77 1.75 1.76 1.68
1000 0.93 0.96 0.94 0.86
500 0.55 0.59 0.57 0.49
250 0.35 0.37 0.36 0.28
125 0.23 0.24 0.24 0.16
62.5 0.16 0.17 0.17 0.09
31.25 0.13 0.13 0.13 0.05
15.62 0.11 0.11 0.11 0.03
7.81 0.10 0.10 0.10 0.02
0 0.08 0.08 0.08 0.00
Table 3.2 Exam ple o f standard readings for BCA protein assay.
y -0 .0 0 0 8 x  + 0.034, 
 R2 = 0 .9 9 7 2 /^
0 500 1000 1500 2000 2500
BSA(ug/ml)
* Final OD 
■Linear (Final OD)
Figure 3.1 Exam ple o f standard curve for BCA protein assay.
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A 0.90 0.89 0.90 0.82 975.88 0.98
B 0.46 0.48 0.47 0.39 443.38 0.44
C 0.99 1.06 1.02 0.94 1135.88 1.14
D 0.42 0.44 0.43 0.35 397.13 0.40
E 1.59 1.57 1.58 1.50 1832.75 1.83
Table 3.3 Exam ple o f estim ations o f protein concentration for various extractions. N ote, 
standard equation was different in each extraction.
3.6 SD S-PA G E (sodium  dodecvl su lfate  po lyacry lam ide gel e lec trophoresis) 
analysis
3.6.1 Sam ple p re p a ra tio n
The required volumes o f  the samples were calculated to give either 5pg or lOpg per 
lane. 5X concentrated sample buffer (Pierce 39000) was added to 4 volumes o f  protein 
sample and mixed. Then, a volume o f  IX sample buffer (Pierce 39000) was added to 
adjust the total loading volume to 15pl in each lane o f  the gel. Also about 15ml o f  the 
sample buffer was added directly on the materials tested for attachment. The loading 
samples and the tested materials were heated in boiled water for 5 min to extract the 
proteins and denature the sample. The tubes were then centrifuged at 3000g for 2 min 
to precipitate any insoluble material prior to gel loading.
3.6.2 Gel E lec trophoresis
SDS-PAGE was performed using 8-16% Pierce pre-cast protein gels with size o f  1 
mm x 12 wells (Thermo scientific 25223). Gels were electrophoresed in running 
buffer (Tris base, Hepes, and SDS dissolved in 500 ml distilled water, pH 7) and the 
lanes were flushed using a plastic pipette. A 5pl volume o f  Pierce®-3 colour protein 
molecular mass markers (Thermo Scientific 26691) was loaded into a marker lane.
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Then the prepared protein samples were loaded into the gel, the lid placed on and 
attached to the pow er supply and ran at adjusted voltage ~ 90-100 for 30 min to 1 
hour. W hen the bands reached near the end o f  the gel the power was turned o ff  and 
plates separated gently using a spatula and the gel gently slid into a small plastic box 
with distilled water.
3.6.3 Coomassie blue staining
Gels were washed 3 tim es in distilled w ater for 5 m inutes to remove SDS. Then each 
gel was stained for 30 min -  1 hour with gentle shaking on a rocker with 0.05%  
Coom assie brilliant blue R-250 (Sigm a B 0149), (0.16g Coomassie blue dissolved in 
50 ml m ethanol, 50 ml distilled water and 10 ml acetic acid, and filtered). Gels were 
de-stained in two solutions; one hour in the first solution (50 ml m ethanol, 50 ml 
distilled water, acetic acid 10 ml) and then left to de-stain overnight in the second 
solution (7.5%  acetic acid in 100 ml distilled water).
3.6.4 Silver staining
Silver staining (Pierce 24612) was also perform ed to stain gels. The gel was washed 
for 5 min tw ice in ultrapure water. Then it was fixed in 30% ethanol, 10% acetic acid 
solution for 15 min twice, followed by washing for 5 min tw ice in 10% ethanol, and 
then in ultrapure w ater for 5 min also twice. The gel was then sensitized for 1 min in 
Sensitizer W orking Solution (50pl sensitizer with 25ml water) and then w ashed for 1 
min tw ice with water. A fter the sensitization step, the gel was stained for 30 min in 
Stain W orking Solution (0.5ml Enhancer with 25ml Stain) and then washed tw ice 
each tim e for 20 sec with ultrapure water. Then it was developed by im mersing in the 
Developer W orking Solution for 2-3 min or until bands appeared. W hen the desired 
band intensity was reached, the developer solution was replaced with prepared stop
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solution (5% acetic acid) with sufficient volume to cover the gel and incubated for 10 
min.
3.6.5 Protein molecular mass identification
M olecular masses o f  proteins were estimated from the stained gel by m easuring 
distances o f  calibration proteins bands in millim etres then plotting these values versus 
calibration m olecular masses (15.2, 24.4, 31.5, 47.7, 77.6, 105, 207 kDa) to draw  a 
standard curve. M igration distances o f  unknown proteins were plotted on the standard 
curve and m olecular m asses determined. Calibration proteins were run with each gel 
and a standard curve was drawn for each preparation (Hames and Rickwood, 1990).
3.7 Preparation of nucleic acids
3.7.1 Culture preparation of EVA for RNA extraction
Prom astigotes were cultured as described in 3.1.2 using 75 cm 2 cell culture flasks in 
60 ml o f  complete m edium  at 25°C. Prom astigote cultures were initiated at 5 x 105/ml, 
then m onitored and m aintained until they reached stationary phase (4-6 x 107/m l). 12 
or 24 well plates (Thermo Scientific 150628) were used to culture EVA with 
prom astigotes. 3ml volum es o f  prom astigote cultures were added to each well w ith 3- 
4 pieces o f  EVA. Plates were sealed with Para Film and incubated at 25 °C. Cultures 
were m onitored using an inverted microscope until the parasites attached to the EVA. 
W hen they were ready the pieces were removed from wells into a 50ml universal 
centrifuge tube with 10 ml H ank’s balanced salt solution (HBSS) for washing. The 
EVA pieces were vortexed vigourously to remove unattached parasites then washed 




For each EVA RNA extraction about 10 to 20 plates were processed. For each plate 
EVA pieces were transferred into 15ml centrifuge tubes with 2m 1 o f  standard Trizol 
(Invitrogen 10296-010) and incubated at room tem perature for 5 min. 400pl o f  
chloroform  (Sigm a 107K3528) was added, m ixed and incubated at room tem perature 
for 10 min. Tubes were then centrifuged at 12,000 x g for 15 min at 4°C. The top 
aqueous phase was then transferred into a fresh tube. 1ml o f  isopropanol (Sigm a 
49296A PV) was added and the m ixture vortexed for 5-10 sec, incubated at room 
tem perature for 10 min, then centrifuged for 8 min at 12,000 x g at 4°C, and the 
supernatant discarded leaving behind the RNA pellet. 2ml o f  70%  ethanol was added 
to wash the tubes and discarded. Another 2ml o f 70% ethanol added to resuspend the 
pellets, and centrifuged for 5 min at 7500 x g. The ethanol was removed and the tube 
left to dry on ice. RNA dissolved in 30pl-70pl o f  m olecular grade (R N A se-free) 
distilled water. Absorbance o f  A260/A280, and A260/A230 were read usinga 
Nanodrop spectrophotom eter to evaluate quantity and quality o f  the RNA. 1-1.5% 
agarose gel electrophoresis was also used to evaluate RNA quality (integrity o f  
ribosom al bands). The RNA was stored at -80°C until use. RNA was prepared from 
free parasites in cultures usingthe same method, Trizol being added directly to cell 
pellets.
3.7.3 DNA extraction
25 cm 2 cell culture flasks o f  L. mexicana prom astigotes were harvested and washed 
three tim es with 10 ml cold HBSS at 300 x g, each time for 10 min. A Qiagen DNeasy 
Blood and Tissue kit (69504) was used to purify total DNA. Cell pellets were
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resuspended in 200 pi PBS. 20 pi o f  proteinase K and 200 pi o f  buffer AL were added 
to the suspension pellet and mixed by vortexing, then incubated at 56°C for 10 min. 
200 pi o f  ethanol (96-100%) was added and mixed by vortexing. The m ixture was 
carefully pipette onto a DNeasy mini spin column placed in a 2 ml collection tube. 
The tube was centrifuged at 6000 xg for 1 min. The flow through was discarded, the 
DNeasy column transferred into a new 2 ml collection tube, 500 pi o f  AW1 buffer 
was added, and centrifuged at 6000 xg for 1 min. The flow through was discarded 
again, the DNeasy column transferred into a new 2 ml collection tube, 500 pi o f  AW 2 
buffer was added, and centrifuged at 20,000 x g for 3 min to dry the DNeasy 
m embrane. The flow through was discarded and the DNeasy column placed in 1.5 ml 
m icrocentrifuge tube. AE buffer (50 pi- 200 pi) was pipetted into the column and 
incubated at room tem perature for 1 min. The colum n centrifuged for 1 min at 6000 x 
g and the elutate was collected. The absorbance at A 260/A280 was read to evaluate 
the quantity and quality o f  the DNA. 1-1.5% agarose gel electrophoresis was also 
perform ed to evaluate DNA quality (high m olecular weight, no degradation), then 
DNA stored at -20°C until use.
3.8 cDNA library construction
A custom uncut cDNA library was constructed by Invitrogen using total RNA isolated
TM
from attached parasites. The library was supplied in the pENTR 222 vector (Fig.3.2)
TM
and maintained in the Escherichia coli DH10B T1 Phage Resistant strain. It 
contained about >3 x l0 6 o f  prim ary colonies, was supplied in 80% S.O.C. m edium,
TM R
20%  glycerol, stored at -80°C.The genotype o f  DH10B -T1 is: F ’ m crk  A{mrr 
/m /RM S-w crBC) (p80/tf<?ZAM 15 klacXIA reck  1 endk\ araD139 k{ara, leu)7697
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gal\J galK. X rpsL nupG ton A. The attL\ and attL2 sites permit site-specific 
recombination o f  the entry clone with a Gateway destination vector. A kanamycin 
resistance gene is used for selection in E. coli and the pUC origin for high-copy 
replication and maintenance o f  the plasmid.
M13
Forward attL1 cONA insert attL2
pENTR™222
2 4 9 9  bp
TM
F igure 3.2 T he pEN TR  222 vector map.
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M13 Forward (-20) priming site
3 2 1  G A C G T fG T A A  AACGACGGCC A dT C T T A A G C  TCG G G CC CCA  A A TA A T G A T T  T T A T T T T G A C
AGCCCGGGp T  T T A T T A C T A A  A A TA A A A CTG
3 8 1  T GAT AGT GAC C T G T T C G T T G  CAACAAATTG ATGAGCAATG C T T T T T T A T A  ATG CCA A CT 
A C T A TC A C TG  GACAAGCAAC G TT G T T T A A C  TA C T C G T T A C  GAAAAAATAT TAC GGT TC A
a tflli
B srG  I B srG  I
4 4 0  T'I'G TAC A A A  A A A  G TT G G N  R i f t  N A C  C C A  A C T  T T ' : T '^G T A C  A AA
A A C ATG TTTITTT CGT C C N  C - - ^  N T G  G G T T G A  A A G  A A C  A T G  T T T
   i _______________________________________________________
4 7 7  G T T  GGC A TT ATAAGAAAGC A T T G C T T A T C  A A T T T G T T G C  AACGAACAGG T C A C TA TC A G
CAA CCG TAA T A T T C T T T C G  TAACGAATAG TTAAACAACG T T G C T T G T C C  A G TG A TA G TC
af(L2
5 3 6  TCAAAATAAA A T C A T T A T T T  GCCATCCAGC T G A T A T C C C C  T A T A G T G A G T C G T A T T A C A T  
A G T T T T A T T T  TAGTAATAAA CGGTAGGTCG________________  i
M13 Reverse priming site
5 9 6  G G TC A TA G C T G TT T C C T G G C  A G C TC TG G C C  C G TG TC TC A A  A A T C T C T G A T  G T T A C A T T G C
Figure 3.3 Features o f the recom bination region in pE N T R  222. Restriction sites are 
labeled to indicate the actual cleavage site. The shaded regions correspond to  the DNA 
sequence that will transfer from the entry clone into the destination vector follow ing the LR 
recom bination reaction.
3.9 cDNA library analysis
3.9.1 Colony picking
LB broth was prepared by dissolving 12.5 g o f  LB broth powder (Sigma L3152) in 
500 ml dH20 ,  then7.5 g o f  bacteriological agar (OXOID 33441765) was added to the 
broth and swirled to mix. The liquid was then autoclaved for 40 min to sterilize, left to 
cool to 50°C and 50pg/ml o f  antibiotic kanamycin sulphate (Invitrogen, GIBCO 
854038) was added. LB agar was poured into the plates and left to solidify under 
sterile conditions. Aliquots o f  100 pi from a 1:10 dilution o f  the cDNA library were 
spread on each plate, and then incubated at 37°C for 24 hrs. Individual colonies from 
plates were picked and inoculated in 5 ml LB broth containing 50 pg/ml kanamycin in
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12 ml tubes (Greiner E l 1080K0 2016-09), incubated at 37 °C with shaking at 250 rpm 
overnight.
3.9.2 DNA plasmid minipreos
M inipreps were made from the cDNA library by using a Qiagen QIA PREP ® Spin 
M iniprep Kit (27104 and 27106). The pelletsfrom l.5m lvolum es o f  bacterial overnight 
cultures were obtained by centrifuging at 6800 x g for 3 min at room tem perature (15- 
25 °C). Each cell pellet was resuspended in 250 pi o f  buffer P I. Then 250 pi o f  buffer 
P2 was added and m ixed by inverted the tube 4-6 times. 350 pi o f  buffer N3 was 
added and mixed, and the tube centrifuged for 10 min at ~  17,900 x g. The supernatant 
was transferred onto a QIAprep spin column, and centrifuged for 1 min. The flow 
through was discarded and the spin column washed with 750 pi o f  buffer PE, then 
centrifuged for 1 min and the flow through discarded again. The spin colum n was 
transferred into a new 1.5 ml microcentrifuge tube and 50 pi o f  EB buffer (lOmM  
TrisCl, pH 8.5) was added, left at room tem perature for 1 min then centrifuged for 1 
m in and eluate was collected. Product absorbance was read atA260/A280 to evaluate 
quality and quantity o f  the plasm id DNA, then stored at -20°C until use.
3.9.3 Analytical restriction digests
Analytical small scale digests for screening cDNA constructs were carried out in a 
total volume o f  20pl using 2pl o f  lOx enzyme buffer, 2pl o f lOx BSA buffer, 0 .5pl o f  
ifarG I enzyme (BioLabs 0081108) and made up to 20pl with m olecular grade w ater to 
digest approxim ately 300ng/pl o f  DNA (typically 2 .5-3pl o f  m iniprep DNA). Then 
digests were incubated for 2 hours at 37°C. After incubation, the whole reaction was
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m ixed with 4 pi DNA loading buffer and loaded on a 0.5-2%  agarose gel depending 
on the size o f  the DNA fragments to be resolved (usually 1%).
3.9.4 Dve terminator cycle sequencing
Plasm id DNA samples from the cDNA library were sequenced using a 
GenomeLab™ Dye Term inator Cycle Sequencing (DTSC) Quick Start Kit (Beckman 
Coulter PN 608120) and M l3 Forward and Reverse primers. Sequencing reactions 
were carried in 96 well m icro-plates and with 300ng o f  DNA samples. DNA and an 
appropriate volume o f  m olecular grade water were added to the plates wells, m ixed 
well and denatured at 95 °C for 3 min. After cooling down on ice, 8 pi o f  DTSC 
m aster mix was added to each well and plates incubated in a PCR therm o-cycler for 
30 cycles(90°C for 20 sec, 50°C for 20 sec and 60°C for 4 min) for 3 hrs. Reactions 
were stopped by added to each well 5pl o f  Stop Solution/Glycogen mixture (2pl o f  
3M  sodium acetate pH 5.2, 2pl o f  lOOmM N a2 -EDTA pH 8.0, and 1 pi o f  20 mg/ml o f  
glycogen). 60pl o f  cold 95%  (v/v) e th a n o l/d ^ O  from a -20°C freezer was added to 
each well and mixed thoroughly. Im m ediately the plate was centrifuged at 12,000 x g 
at 4°C fori 5 min. Carefully, the supernatant was removed with a micropipette, and the 
pellets rinsed 2 times with 200 pi cold 70% (v/v) ethanol/dH 20from  a -20°C freezer. 
A fter each rinse, the plate was centrifuged immediately at 12,000 x g at 4°C for 3 min. 
A fter the second centrifugation the supernatant was carefully removed with a 
micropipette, and each pellet resuspended in 40 pi o f  the Sample Loading Solution. 
Then, the plate was left to dry for 10 minutes. Each sample plate was prepared for 
loading into the sequencing instrum ent by adding one drop o f  light mineral oil per 
well (provided in the kit or Sigma M 5904).Sample plates were loaded into the
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instrument, a Beckman Coulter CEQ ™ 8000 Genetic Analysis System , and the 
desired method was started.
3.10 DNA sequences data analysis and primers
Data that obtained from sequencing cDNA clones were analyzed by using the 
Chromas Lite 2.01 program me to assess sequence quality, and genes identified by 
BLAST analysis on the TritrypDB website. Specific prim ers for PCR and RT-PCR o f  
selected genes were designed through Primer 3 (v. 0.4.0). These were:
Control Gene: 60S ribosomal protein LlOa, putative
Forward Prim er 5 ’ GTCCTGAAGGTGGACAA GGA 3 ’






AGCGA CA CGA GGAA GTTGAT
LmxM.01.0620

























































Forward Prim er TACTCGCACAGCAACTACGG
Reverse Prim er CAAGCAGCGACTGCAGATAC
LmxM.36.2450
Forward Prim er AGGACGAACATGA CCACCTC
Reverse Prim er AATCCGCTGCTGATA CTG CT
LmxM.36.3620
Forward Prim er A TGCAGCAGAGCCTCATCC
Reverse Prim er GCA CGCGAACTCTTCGTAGT
LmxM.36.3780
Forward Prim er TTATG ACGACGCAGAAGTGG
Reverse Prim er GAATGTCACCG GCTCGTAGT
LmxM.36.5060
Forward Prim er TGTCGAG ATCAAGGATCGTG
Reverse Prim er CTTCTCCCCTTGGTCATTCA
LmxM.36.5850
Forward Prim er TATCAGGGGACTGGATCTGC
Reverse Prim er ACAGA CTCGTTCGCCTTGTT
LmxM.25.0920
Forward prim er GTGCTTCACTGAGTTTGCGA
Reverse prim er AGA CCGATACAATGACCGCA
Leishmania-specific genes
LmxM.23.1020
















Forw ard prim er 
Reverse prim er
ACTGGGTGAGCGACATCAAA 
T GAGCTTCGT GT AGA ACGC A
LmxM.12.0905










PCR was used to analyse Leishmania DNA and plasmids DNA with a HotStar®Taq 
Plus M aster M ix Kit (Qiagen 203643). Using 0.2ml 8 Strip PCR tubes (Starlab 
14022900), a final volum e o f  20pl was used (lOpl o f  2X HotStar-Taq M aster M ix, 
lp l  o f  10pM Forward primer, lp l o f  lOpM Reverse primer, 2pl DNA tem plate at 
300ng/pl and made up with m olecular grade water to 20(il)and m ixed by vortexing. 
Sam ples were run using the following therm ocycler conditions: initial denaturation at 
95°C for 5 min, 30 cycles o f  denaturing at 94°C for 30 secs, annealing at 60°C for
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30 sec and extension at 72°C for lm in per kb target, final extension at 72°C for 
lOmins, then hold on 4 °C.
3.10.2 RT-PCR amplification
Leishmania mexicana RNA from attached forms, m etacyclic prom astigotes, and log- 
phase prom astigotes were tested with various specific gene primers. Superscript® III 
One-Step RT-PCR System with Platinum ®Taq high Fidelity (Invitrogen 12574-030) 
w as used in 15pl total volum es (7.5pl o f 2X Reaction M ix, 0.6pl o f  lOpM /pl Forward 
Sense primer, 0.6pl o f  lOpM /pl Reverse Anti-Sense primer, lp l o f  lOng/pl RNA 
Tem plate, 0.3pl o f  Superscript® III RT/ Platinum ® Taq high Fidelity Enzyme Mix, 
and up to 15pi w ith autoclaved m olecular grade water). The m ixtures were incubated 
using the following thermal cycling program: 45°C for 30 min, 94°C for 2 min, 28 
cycles o f  94 °C for 15 sec, 60°C for 30 sec, and 68°C for 1 min, final extension at 68° 
C for 5 m in, then hold on 4°C.
1% - 1.5% agarose gels were prepared; about 1-1.5 g o f  agarose (Sigm a 100M 9432V) 
was dissolved in 100 -  150 ml o f  IX  TAE buffer and autoclaved for 3 min. 3pl o f  
GelRed (Gentaur, BioTium 41000) was added. Products were analysed by m ixing 4pl 
o f  6X DNA sample buffer w ith the products, and lOpl volum es were loaded onto gels. 
5pl o f  a DNA ladder was loaded into another lane and gels run at 120V for 20 min. 
Then the gel was incubated in GelRed stain for 15 min, washed twice in water, and 
photographed.
3.10.3 RT-PCR result analysis
Gene bands intensities were measured by using the Image J program me. The 
m easurem ents o f  the genes o f  interest and the control gene bands were subtracted
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from the measurem ent o f their own background (comparable area having been chosen 
which is lower than the gene measurement). The results from the subtraction were 
used to find the ratio between the gene and the control. Table 3.3 gives an exam ple o f 
how the calculation was done.
Haptomonads 3432 73.237 9 255
M etacyclic 3432 57.856 13 197
Prom astigotes 3432 103.067 14 255
*Haptomonads 3969 97.874 13 255
*M etacyclic 3969 99.739 17 255
* Promastigotes 3969 100.735 14 255
b h
Haptomonads 3432 10.683 7 19
M etacyclic 3432 13.182 8 38
Promastigotes 3432 14.065 9 62
*Haptomonads 3969 12.735 6 23
* M etacyclic 3969 14.851 9 29
*Prom astigotes 3969 12.376 6 22
H aptom onads 73.237 10.683 62.554
M etacyclic 57.856 13.182 44.674
Prom astigotes 103.067 14.065 89.002
* Haptomonads 97.874 12.735 85.139
*M etacyclic 99.739 14.851 84.888
* Promastigotes 100.735 12.376 88.359
H 365850 62.554 84.989 0.736
M 365850 44.674 57.962 0.771
P365850 89.002 140.303 0.634
T able 3.4 Exam ple o f m ethodology for gene and control m easurem ents for the R T-PCR  
results. A n aly sis  show s data  from  Lm x.M .365850  gene. * C on tro l bands.
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3.11 cDNA library screening using cDNA probes 
3.11.1 Reverse transcription of cDNA probes
Reverse transcription o f  RNA to produce cDNA from attached parasites and log-phase 
prom astigotes with a QuantiTect Reverse Transcription Kit (Qiagen 205310) was used 
to prepare probes to screen the cDNA library. 1 pg o f  tem plate RNA o f attached and 
log-phase prom astigotes was processed. RNAase was deactivated by incubated for 2 
m in at 42°C. Reverse transcription reactions were perform ed follow ing the 
m anufacturer’s instructions.
The DNA products from reverse transcription were cleaned by using a Q IA quick PCR 
Purification K it (Qiagen 28104). The cDNA samples were m ixed with PB buffer, then 
placed in a QIAquick spin column in a 2 ml collection tube, and centrifuged for 3 0 -6 0  
sec and the flow through discarded. Then the colum n was washed with PE buffer, and 
centrifuged again for 30-60  sec, and the cDNA eluate collected by adding w ater (pH 
7 .0 -8 .5 ) to the centre o f  the QIAquick m em brane and centrifuging the colum n for 
lm in .
3.11.2 cDNA DIG labelling
The cDNA Library was screened by labelling cDNA probes with digoxygenin (DIG) 
using a DIG High Prime DNA Labeling and Detection Starter Kit I(Roche 
11745832910, version 13). The final product o f cDNA tem plate synthesis from 
reverse transcriptase was denatured by heating in a boiling water bath for 10 min, and 
then quickly chilled in an ice. 4 pi o f  DIG-High Prime was added to the denatured 
DNA, m ixed and centrifuged briefly for 1 min. The m ixture was incubated for 20 h at 
37°C and the reaction stopped by adding 2 pi 0.2M EDTA, pH 8.0.
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The efficiency o f the labelling step was tested by perform ing serial dilutions o f  each 
labelled probe prepared from different RNA samples and compared to positive DNA 
control. Table 3.4illustrates the serial dilutions prepared for the samples, according to 
the m anufacturer’s recommendations.
1 Diluted
original
1 n g /p l
2 2 1 198 1:100 10 p g /p l
3 15 2 35 1:33 3 pg/ pi
4 5 2 45 1:10 1 pg/ pi
5 5 3 45 1:10 0.3 pg/ pi
6 5 4 45 1:10 0.1 p g /p l
7 5 5 45 1:10 0.03 pg/ pi
8 5 6 45 1:10 0.01 pg/ pi
9 0 - 50 - 0
T able 3.5 D ilutions prepared for testing probe labelling efficiency.
1 pi 1 volumes o f  tubes 2-9 from labelled probes samples and the labelled control were 
spotted on to a nitrocellulose membrane. The nucleic acids were fixed to the 
m em brane by cross linking with baking for 30 min at 80°C - 85°C. The m embrane 
was then transferred into a plastic container with 20 ml M aleic acid buffer and 
incubated with shaking for 20 min at room temperature. After that the m em brane was 
incubated for 30 min in 10 ml freshly prepared Blocking solution, followed by a 30 
min incubation in 10 ml o f antibody solution (contains anti-DIG antibody conjugated 
to alkaline phosphatase). The membranes were washed with 10 ml washing buffer, 
twice for 15 min, then equilibrated for 2-5 min in 10 ml o f  detection buffer. The 
mem brane was then incubated in 2 ml o f freshly prepared colour substrate solution in 
an appropriate container in the dark without shaking. Colour started to form within a
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few m inutes and the reaction stopped when desired spots intensities were achieved by 
w ashing the m embrane for 5 min with 50 ml o f  TE-buffer. The intensity o f  the spots 
from the labelling reactions were compared to controls to enable calculation o f  the 
am ount o f  DIG-labelled DNA. If the 0.1 pg dilution spots o f  probe and control are 
visible then the labelled probe has reached the expected labelling efficiency. If this 
was not achieved fresh probes were prepared. Probes were kept and re-used providing 
they showed good signal strength.
3.11.3 DNA transfer and fixation
In order to screen the library gridded nitrocellulose mem branes were used (Am ersham  
cat. no. RPN. 1737c). About 5pl - 8pl o f  the cDNA library was plated out on a LB 
plate with 50pg/m l kanamycin sulphate (Invitrogen, GIBCO 854038) and incubated 
overnight at 37°C. Then 100 individual colonies were picked up used a sterile yellow 
tip, and each colony was resuspended in 50 pi sterile saline. 3 pi volum es o f  the 
colony suspensions were spotted in duplicate on nitrocellulose m em branes and 
allowed to dry. DNA was released and fixed by placing the mem branes on 3MM filter 
paper soaked in 0.5 M NAOH for 5min, then on filter paper that was soaked in 1M 
Tris-HCl pH 7.5 for 5 min, and finally on filter paper that was soaked in 0.5M Tris- 
HC1 pH 7.5 and 1.25M NaCl for 5min. The m embranes were then left to dry on 3MM 
filter paper and baked in a vacuum oven at 120C°for 30 min. They were stored dry at 
4°C in sealed bag ready until use.
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3.11.4 Hybridization and immunological detection
For hybridization an appropriate volume o f  DIG Easy Hyb buffer (10m l/ 100cm2filter) 
was preheated to the hybridization tem perature o f  50°C. The m em brane was p re­
hybridized for 30 min with gentle agitation in an appropriate container. DIG -labeled 
DNA probes were denatured (about 90 ng/ml) by boiling for 5 min and rapidly 
cooling in ice/water. The denatured D IG -labeled DNA probe was then added to the 
preheated DIG Easy hyb buffer (3.5 m l/10cm 2 membrane), and mixed well but gently 
w ithout forming bubbles. The pre-hybridization solution was then replaced with 
probe/hybridization mixture and the m em brane incubated overnight at 50°Cwith 
gentle agitation in a sealed container.
The m embrane was then washed tw ice for 5 min each in 2x SSC, 0.1% SDS at 15 to 
25°C under constant agitation. This was followed then by washing tw ice for 15 min 
each in 0.5x SSC, 0.1% SDS, pre-warmed and m aintained at the wash tem perature o f  
65 to 68°C under constant agitation (high stringency wash). After the hybridization 
and post-hybridization washes, the m embrane was rinsed briefly for 1-5 min in 
washing buffer. Then it was incubated for 30 min in 100 ml blocking solution, 
followed by incubation for 30 min in 10 ml o f antibody solution. After that, the 
m em brane was washed 2 tim es each for 15 min in 100 ml washing buffer. The 
m em brane was then equilibrated for 2-5 min in 20ml detection buffer, followed by 
incubation in 10 ml o f  freshly prepared colour substrate solution in the dark w ithout 
shaking during colour development. The reaction was stopped when the desired spots 
appeared by washing the m embrane for 5 min in 50 ml o f  PCR grade w ater or with TE 




3.12.1 PCR for probe synthesis
Primers for candidate genes were designed using Primer 3 and synthesised by Life 
Technologies (Invitrogen).
LmxM.20.1290
Forward prim er GAG ATGGATGAGGA GGACGA
Reverse prim er TCACTCCACCTTCGCTTTCT
A nnealing tem perature 60 °C 
LmxM.31.0020
Forward prim er TGCTCGACGCTCATTCAGTA
Reverse prim er TTTGCTGATGCTTCTGTTGC
A nnealing tem perature 60 .7 °C 
LmxM.33.3790
Forward prim er ATCACTGCTGTGTGGCTTTG
Reverse prim er TG TCAATCAG CG AGACTTGG
Annealing tem perature 59.9 °C 
LmxM.18.1620
Forward prim er TTACCGGCCTTGGTATGTTC
Reverse prim er A AA CACCAACGGAGAACCAC
Annealing tem perature 59.8 °C 
LmxM.32.0940
Forward prim er CCA CTTTGGTAGCCCACTGT
Reverse prim er TTCATCAGGGATGGGAACTC
A nnealing tem perature 60 °C
8 0
Control primers 60S ribosomal protein LlOa, putative
Forward prim er GTCCTGAAGGTGGACAAGGA
Reverse prim er AGCGACACGA GGAA GTTGAT
Annealing tem perature 60 °C
PCR reactions in a total o f  20pl were prepared by mixing 10 pi o f  2X H otStarTaq 
M aster M ix (Qiagen203643), 1 pi o f  lOpM forward and reverse prim ers, 100-200 
ng/pl o f  DNA tem plate and m olecular grade water. Reactions were run using the 
following PCR cycling parameters; initial denaturation was at 94°C for 5 m inutes, 
followed by 30 cycles with a denaturation step at 94 °C for 30 seconds; annealing at 
60°C for 30 seconds, and extension for 1 minute at 72 °C. The final extension was for 
10 m inutes at 72 °C.
The PCR products were then run on 1% agarose gels to confirm that the correct size o f  
the product had been synthesized. Then the PCR products were incubated overnight 
w ith 4 pi DIG-High Prime at 37 °C for DIG labelling, followed the m anufacturer’s 
protocol (DIG-High Prime DNA Labelling and Detection Starter Kit, cat No. 11 745 
832 910, Roche) to generate labelled DNA (for details see 3.11.2).
3.12.2 RNA separation bv gel electrophoresis
All the equipm ent for Northern blots was sprayed with anti-RNase spray, then washed 
with D EPC-w ater (diethylpyrocarbonate) 1 m l/liter distilled water, then autoclaved for 
sterilization and RNase deactivation. All tips and tubes were RNase-free. W ater and 
buffers were treated with DEPC, and then autoclaved to destroy the DEPC.
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RNA samples o f  attached forms and free promastigotes were prepared by m ixing 3 pi 
o f  6M glyoxal,12 pi dimethyl sulfoxide (DM SO), 3 pi o f  0.1 M phosphate buffer 
(0.1M  N aH 2 PC>4 , 0.1M N a2 H P 0 4 , pH= 7.0), then RNA samples added and brought to 
the final volum e o f  30 pi with DEPC-water. The samples were incubated at 50°C for 
50 m inutes and then chilled on ice for 10 minutes. RNA samples and RNA size 
ladder were mixed with 2.5 pi RNA loading buffer (50%  glycerol, 0.25%  
brom ophenol blue, 0.25%  xylene cyanol, 0.1M phosphate buffer, 6M glyoxal) and 
then loaded on to 1% agarose gels prepared in lOmM phosphate buffer pH 7.0. The 
gels were run at 60 V in phosphate buffer in presence o f  m agnetic stirrers to re­
circulate the buffer during the electrophoresis and prevent the accum ulation o f  H + and 
m aintain the neutral pH as the glyoxal will dissociate with RNA at high pH (above 7), 
then the gel stained with GelRed for 30 min and photographed.
Alternatively a form aldehyde-free RNA Gel Kit (Amresco, N726) was used, w hich is 
a non-m utagenic, safer alternative to form aldehyde-containing agarose gels that can 
be perform ed on the bench w ithout using the fume hood. Further incubations and 
buffer recirculation during electrophoresis are unnecessary because the absence o f  
glyoxal. Gels were prepared according to the m anufacturer’s instructions. Gels were 
run at 80 V in 1 OX running buffer without presence o f  m agnetic stirrers or a post-stain 
step, and photographs taken.
3.12.3 RNA transfer to nylon membranes
Gels were equilibrated in 100 ml o f  20X SCC (3M NaCl, 0.3M N a 3 C 6 H 5 0 7 , pH 7) at 
room  tem perature for 15 min, twice. Then the RNA samples transferred to the nylon 
m em brane (Boehringer M annheim ) by the capillary transfer m ethod based on
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Sam brook and Russell (2001). The transfer vessel was filled with 20X SSC to ju st 
below  the level o f  the gel. 3 Whatman grade filter papers were pre-soaked for 5 
m inutes in 20X SSC and placed on the vessel before placing the gel, so the filters 
were beneath the inverted gel. Then a pre-soaked nylon m em brane in 20X SSC was 
placed onto the inverted gel (no air bubbles). Two pieces o f  W hatm an grade filter 
papers, pre-soaked in 2X SSC for 5 minutes, were placed on top o f  the nylon 
m em brane to facilitate the SSC gradient and encourage capillary transfer o f  the RNA. 
Layers o f  papers towels were placed on top and a glass plate was placed on the top o f  
the towels, whole system weighted by adding lK g  on the top. The RNA was left to 
transfer overnight at room temperature. Once the transfer was com pleted the nylon 
m em brane was washed briefly in 2X SSC, then baked at 120°C for 30 m inutes to 
cross-link the RNA samples.
3.12.4 Hybridization and immuno-detection using the DIG system
The DIG High Prime DNA Labeling and Detection Starter Kit I (Roche, cat. no. 
11745832910, version 13) was used to label DNA probes for hybridization and 
subsequent colour detection by enzyme immunoassay. The DNA probes were 
generated with DIG-High Prime according to the random primed labelling technique 
in special developed reaction mixture containing digoxigenin-dUTP, alkali-labile, and 
all reagents were prem ixed in an optimized 5X concentrated reaction buffer. The 
blotted RNA on the nylon m em brane was hybridizing by using alkali-labile form  o f  
D IG -ll-d U T P . The im munodetection was performed by using anti-digoxigenin-A P 
Fab fragm ent and then visualized with colorimetric substrates N BT/BCIP.
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A fter the completion o f  transfer and the cross-linking o f  the RNA samples to the 
nylon membrane, the membrane was then hybridized with an appropriate volum e o f  
DIG Easy Hyb buffer (10ml/ 100cm2 filters) preheated to the hybridization 
tem perature o f  50°C. The membrane pre-hybridized for 30 m inutes with gentle 
agitation in an appropriate sealed container. DIG-labeled DNA probe was denatured 
(about 90 ng/ml) by boiling for 5 minutes and rapidly cooling on ice. Denatured DIG 
-lab e led  DNA probe was added to the preheated DIG Easy Hyb buffer (3.5 m l/10cm 2 
m em brane), and mixed well gently without form ing bubbles. Pre-hybridization 
solution was replaced with probe/hybridization m ixture and the m em brane incubated 
at 50°C overnight with gentle agitation in a sealed container.
W hen the incubation was finished the probe/hybridization DIG -buffer was poured o ff 
and the m embrane washed twice for 5 m inutes each in 2x SSC (0.1%  SDS at 15 to 
25°C under constant agitation. This was followed by washing tw ice for 15 m inutes 
each in 0.5x SSC (0.1% SDS, pre-warmed to wash tem perature) at 65 - 68 °C under 
constant agitation.
A fter the post-hybridization washes, the m embrane was rinsed briefly for 1 - 5 
m inutes at 20°Cin washing buffer (0.1 M M aleic acid, 0.15 M N aCl, pH 7.5, 0.3%  
(v/v) Tween 20). Then the m embrane was incubated for 3 hours in 100 ml blocking 
solution (1:10 in M aleic acid buffer). Then it was incubated for 30 m inutes in 10 ml o f  
antibody solution (Anti-D igoxigenin-AP 1:5000 (150m U/m l) in blocking solution). 
The m em brane was then washed 2 tim es each for 15 m inutes in 100 ml washing 
buffer, equilibrated for 2-5 minutes in 20 ml o f  detection buffer (0.1M Tris- HC1, 0.1 
M NaCl, pH 9.5 (20°C), followed by Incubation in 10 ml freshly prepared colour
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substrate solution (40pl o f  NBT/BCIP stock solution to 2 ml o f  Detection buffer), 
stored away from the light in the dark without shaking during colour developm ent. 
The reaction was stopped when the desired bands appeared by washing the m em brane 
for 5 m inutes in 50 ml o f  TE buffer(10mM  Tris-HCl, 1 mM EDTA, pH 8.0). The 
washed membrane was photographed for the bands.
3.13 Electron Microscopy
3.13.1 Sample preparation for scanning electron microscopy
Leishmania mexicana stationary phase parasites were cultured with pieces o f  Ethyl 
Vinyl Acetate (EVA) for 2 days. The EVA was checked for attachment o f  parasites 
w ith an inverted microscope. The EVA pieces were processed by the Electron 
M icroscopy Unit at Glasgow University.
3.13.2 Sample preparation for transmission electron microscopy
L. mexicana stationary attached parasites were prepared as above. The EVA was 
vortexed in 10 ml o f  HBSS and washed 3 times to remove unattached prom astigotes. 
The EVA samples were fixed in 4%  paraform aldehyde, 2% glutaraldehyde overnight. 
Then they were washed with M edium 199 and once more with Fetal Bovine Serum 
(FBS). Several chemicals (acetone, acetic acid, hydrochloric acid, 100% absolute 
ethanol, 100% absolute methanol and xylene) were used to separate the attached 
parasites form EVA surface. Experim ent continued by using Xylene. EVA were 
incubated in 500 pi FBS and 1ml xylene for 5min. The liquid was collected and 
centrifuged for 5min at 10,000g to separate xylene from serum. The parasite pellet 
was washed in 1% paraform aldehyde and resuspended in 200 pi 1% 
paraform aldehyde. Smears were prepared form collected pellet, then fixed in methanol
for 10 min and stained with G iem sa’s satin and florescent dye to confirm  the 
separation. Then the sample was processed by the Electron M icroscopy Unit at 
Liverpool University.
3.14 Confocal Microscopy
L. mexicana attached parasites were prepared as previous. The EVA was vortexed in 
10 ml o f  HBSS and washed 3 tim es to remove unattached prom astigotes. EVA was 
fixed in methanol overnight then sample was processed by the Confocal M icroscopy 




4.1 Attachment to different materials
Different species o f  Leishmania were tested for their ability to attach various m aterials 
in various media, using M elinex as a control substrate (W akid and Bates, 2004). The 
overall aim was devise a system suitable for large scale preparation o f  attached 
prom astigotes amenable to biochemical and m olecular analysis. Com parison o f  the 
growth o f  parasites in Medium 199 and Grace's insect medium dem onstrated better 
growth in the former, so experiments were carried out using M edium 199. Leishmania 
major, L. mexicana and L. tarentolae were used to test the best m aterials that provide 
good attachm ent as described in this chapter. Normal prom astigotes and mutant 
prom astigotes o f  L. mexicana were cultured with some materials. M utant L. mexicana 
prom astigotes CAEP 63 (CRK3::Hyg/CRK3::Ble [pTEXcrk3his], CRK3 null m utant 
w ith a his-tagged version expressed from the pTEX vector), were cultured with 
M elinex and Filter paper membrane in Grace's insect m edium  but during m onitoring 
they did not show clear signs o f attachment. Experim ents using m utant prom astigotes 
w ere discontinued. All experiments were using low subpassages o f  normal 
prom astigotes cultured in 25 cm2 culture flasks and M edium 199 with 10% FBS and 
2%  urine, experim ents performed investigating attachm ent to various m aterials.
4.1.1 Melinex Plastic Sheet
M elinex was cut into 15mm xl5m m  squares, sterilized with 70%  ethanol and left to 
dry in a sterile tissue culture cabinet. They were then cultured with prom astigotes in 
sterile 12 well culture plates sealed with ParaFilm and incubated at 26°C. D ifferent
87
starting densities and different sub-passages were used. The culture medium was 
replenished once within one week. The Melinex squares were removed after 7 days, 
washed with HBSS, fixed with methanol and stained with G iem sa’s stain.
Testing o f different starting volumes showed that a higher starting volum e gave a 
higher attachment rate (Table 4.1).
Low starting volume 0.25 x108/0.5 ml 154800 /2 2 5 p m 2x 106
High starting volume 1 x 108/2ml 605700 / 225pm 2x 106
Table 4.1 C om parison o f  L. m ex icana  attachm ent in cultures initiated w ith d ifferent 
volum es. C u ltu res  had th e  sam e s ta rting  d ensities  bu t d iffe ren t v o lum es w ere  used  and 
a tta ch m en t m easu red  a fte r 7 days o f  incubation .
To investigate any difference in attachment ability between different sub-passages o f  
prom astigotes (since transform ation from amastigotes), Melinex squares were cultured 
with 1 x 10s/ml o f  2 different sub-passages and the number o f  parasites counted after 
7 days o f  culturing (Table 4.2).
SP3 918000 / 225gm2x 106
SP10 811800 / 225pm2x 106
T able 4.2 C om parison o f  attachm ent rate between different sub-passages o f L. m ex ica n a  
prom astigotes. S u b p assag e  3 (S P 3) and subpassage  10 (S P 10) cu ltu res  w ere  tes ted  fo r  th e ir  
ab ility  to  a ttach ed  to  M elinex  squares.
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This experim ent indicated that attachment rate decreased with increase in passage, 
although attachm ent was still quite good after 10 subpassages (-1 2 %  decrease). These 
experim ents indicated that parasite attachment was occurring as previously reported 
(W akid and Bates, 2004).
The parasites attached to the smooth surface o f  the M elinex and their attachm ent 
increased with time. M icroscopic examination o f the stained M elinex showed them 
attached in rosette shaped clusters. Cultures after few sub-passages showed m any 
m ore clustered parasites in suspension, which is in agreem ent with the higher num bers 
o f  attached parasites than shown by cultures that have been through m any sub­
passages. The attachm ent behaviour o f  promastigotes was more active in cultures with 
few  sub-passages and with time the rate o f attachment o f prom astigotes decreased 
(W akid and Bates, 2004).
Prom astigotes attached to M elinex were examined by scanning electron m icroscopy 
(Fig. 4.1). Foot-like extensions previously shown to include hem idesm osom e-like 
structures were observed (W akid and Bates, 2004).
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Figure 4.1 High magnifications of scan electronic micrographic pictures of parasites attached 
to the Melinex plastic sheet by forming hemidesomosoe foot like structure (arrowheads)
(A) HV= 10KV, Mag=4000X, Bar= 5pm
(B) HV= 10KV, Mag=14000X, Bar= 2pm
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4.1.2 Polycarbonate membrane filter papers
Polycarbonate filter papers were cultured with L. mexicana and L. major 
promastigotes. Two types o f  filter surface were used: hydrophilic and hydrophobic 
(1.0pm  pore size x 47 mm). The cultures were initiated at several different densities 
and the best starting density was found to be l x l 0 8/ml with about 5 ml o f  the 
promastigote culture. Based on light microscopic examination the parasites started to 
attach to the filters within a few hours o f  culturing time. Although quantitation was 
not possible in this system, it could be seen that the parasites attached at a higher rate 
to the hydrophilic type than to the hydrophobic filters. Both filters have two sides; a 
shiny side and a dull side. Examination by scanning electron m icroscopy showed the 
parasites attached to both sides similarly (Fig. 4.2). From the electron m icrographs it 
is hard to confirm whether the parasites are attached to the filters by forming 
hem idesm osom es or ju st penetrate their flagella inside the pores, as the ends o f  the 
flagella cannot be seen.
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Figure 4.2 High power of scanning electron microscopy showing how the parasites insert 
their flagella inside the pores (arrowheads) of hydrophilic and hydrophobic filter papers. (A) 
HV = 10KV, Mag = 1000X, Bar = 20pm, (B) HV= 10KV, Mag = 2500X, Bar = 10pm, (C) 
HV = 10KV, Mag = 1000X, Bar = 2pm.
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4.1.3 Chitin
Different chitin flake preparations containing various sizes o f  particles were m ade and 
used in culture with L. mexicana promastigotes. The cultures were started at the same 
density (1 x 108/ml), and inverted microscopic examination showed that the parasites 
attached to the chitin in the all preparations, but in higher num bers to the large 
particles. However, the density o f their attachment was not very high. The parasites 
attached to chitin based on microscopic examination o f  the cultures for 7 days then 
rate o f  the attachm ent decreased.
4.1.4 Agarose-coated Petri dishes and flasks
Different initial densities were used to start the cultures. When the cultures were 
exam ined using an inverted microscope attached parasites were observed, m ost o f  
these w ere clustered around the edge o f  the agarose-coated area. That was m aybe 
because the edges were rough and the prom astigotes prefer to attach to such areas 
rather than a smooth surface (W akid and Bates, 2004). Parasites isolated from the 
agarose and examined by light m icroscopy on Giem sa-stained m icroscope slides 
showed varying structure, some were large stumpy forms with short flagella. Others 
had a small dot-like structure at the end o f  the flagellum and yet others had unusual 
round-ended flagella w ith a balloon-like structure that was unlike the normal end o f  
the flagellum  in free promastigotes. It was postulated that this m ight represent a 
hem idesm osom al expansion. About 13.9% o f  the attached parasites from agarose 
cultures had such flagella. However, during checking o f  the cultures under the 
inverted m icroscope, promastigotes with the unusual flagella collected from the 
agarose w ere also found swimming freely in the medium, indicating that these may 
not be the haptom onad forms. It was difficult to get clear judgm ent on the attachm ent 
based on m icroscopic examination.
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4.1.5 n-Octacosane wax and ParaFilm
The n-octacosane wax and ParaFilm were both used in cultures with 1.3ml o f  L. 
mexicana and 2.5ml o f  L. tarentolae promastigotes. The density used to start the 
cultures was 0.2x108/ml.
Two forms o f  n-octacosane were used, melted (and allowed to re-solidify) and non­
m elted (used direct from the bottle and sterilized). Both showed attachm ent o f  the 
prom astigotes o f  both species within 3 days but the attachm ent density was low in 
com parison with other materials. Similarly, the parasites started to attach to ParaFilm  
w ithin 3 days and were in low number. M ost o f  the parasites were gathered around the 
ParaFilm  edges. In the following days the numbers o f  attached parasites did not rise 
and rem ained low. Based on microscopic examination the non-m elted form o f  n- 
octacosane was better than the melted one. The non-m elted gave a good view and the 
parasites actually attached to it more than the melted one.
4.1.6 Paraffin wax (candle wax)
L. mexicana prom astigotes were used to test the parasites attachm ent in vitro to candle 
wax. The parasites were cultured at different densities and the optim um  starting 
density that was subsequently used was l x l 0 8/ml. About 3 ml o f  culture for each 
species was incubated with candle wax flakes. The cultures were m onitored and 
exam ined by inverted microscope. The microscopic observations showed the parasites 
becam e attached to the wax within 2 days and they also could attach w ithin one day if  
the starting density was higher than l x l0 8/ml.
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4.1.7 Polystyrene. Sepharose and Senhadex
Polystyrene, Sepharose and Sephadexare are inert chemical materials available as 
small beads that were tested as possible attachment substrates for prom astigotes. 
Polystyrene is characterized by its clarity and glass-like appearance. It is 
m anufactured by free-radical polymerization o f  phenylethene (styrene). It can be used 
as an electrical and thermal insulator (Daintith, 2008).The gel-filtration medium 
Sepharose, which is based on cross-linked agarose is a widely used affinity m atrix that 
is activated with epichlorohydrin allowing various ligands to be coupled (Cam m ack et 
al., 2008). Sephadex is a gel-filtration medium based on cross-linked dextran, which is 
also used for electrophoresis (Cammack et al., 2008). These three m aterials have quite 
sim ilar m icroscopic structure; they are spherical in shape with a smooth surface. The 
concept o f  using the beads was that the promastigotes may attach to the round surfaces 
in an organized way and provide a good picture o f the attachm ent m echanism . Then 
they could be examined by electron m icroscopy to examine the flagella/m olecules 
surface attachm ent site that was formed by the prom astigotes. A nother idea was that 
since the surface area is high, they can be used in suspension cultures and that may 
provide large quantities o f  attached promastigotes in a simple manner, which are easy 
to handle.
0.1 ml o f  beads were cultured with 3ml o f  prom astigotes at an initial density o f  
l x l 0 8/ml and then incubated at 25°C. The following day the cultures were examined 
under the microscope. The parasites did not attach to the spherical beads. They were 
sw im m ing freely around the beads with no signs o f  attachment.
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4.1.8 Ethvlene-vinvl acetate copolymer (EVA)
Initially EVA was used by forming long thin lines o f  EVA and letting them  solidify. 
Then they were cut into very small pieces about 2mm x 1mm, washed with distilled 
water then sterilized with 70% ethanol and left to dry in sterile cabinet hood. The 
pieces were incubated with L. mexicana parasites in a 10 ml culture from an early sub­
passage (SP3), starting density o f  0.2 x 108 /ml and incubated at 26°C. The 
prom astigotes attached to the EVA pieces in higher numbers than to any other o f  the 
materials that have been used in this project. The rate o f the attachm ent was high 
within a few hours and increased on the following days, which was clear from 
exam ining the EVA under the inverted microscope at different tim es (Judgm ent based 
on m icroscopic examination because counting was difficult). The prom astigotes 
attached perm anently to the EVA pieces, remaining attached after vortexing the pieces 
vigorously for 10 sec. Through looking at them regularly by inverted m icroscope it 
was found that the populations attached to the pieces remained attached to the same 
site until they died. The rate o f  attachment was higher with a freshly transform ed 
culture (0 sub-passage) and started to decrease at 8 sub-passages. Sim ilar results were 
previously reported with M elinex (W akid and Bates, 2000).
EVA pieces with attached prom astigotes were examined by electron m icroscopy. The 
pictures showed that the parasites attached to the plastic and to each other and grouped 
in clusters (Fig.4.3).A ttached parasites have round bodies and short flagella. High 
m agnification pictures showed the parasites attached to the EVA by expanded tips 
from their flagella indicating the presence o f  hem idesm osom es (Fig. 4.3)
Transm ission electron m icrographs were prepared to examine the flagellum  plaque 
that forms when the parasites attach to a surface, but unfortunately satisfactory
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pictures could not be taken o f parasites attached to EVA despite several attem pts and 
modifications o f the protocol. The composition o f  the EVA did not appear to be 
com patible with fixation and embedding process in resin required for transm ission 
electron-m icroscopy (for more pictures see the Appendix 6.1)
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F igure 4.3 Scanning electron microscopy photos are showing attached in cultures (A  and B) 
Parasites appeared with rounded bodies and short flagella attach to the EVA surface by 
forming hemidesmosome foot like structure (C, D and E) (A) HV=10KV, Mag=250X, Bar= 
100pm (B) HV=3KV, Mag=500X, Bar= 50pm, (C) HV=10KV, Mag=4500X, Bar= 5pm, (D) 
HV-10KV, Mag=20000X, Bar= 1pm, (E) HV=6KV, Mag=5000X, Bar= 5pm
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EVA pieces with attached promastigotes were also examined by confocal m icroscopy. 
The pictures showed that the parasites attached to the EVA surface grouped in clusters 
(Fig. 4.4).
F igure 4.4 C onfocal m icroscopic pictures showing L. m ex ica n a  prom astigotes attached to 
EV A  surface in clustered form s (arrow heads).
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Attached parasites o f L. mexicana to EVA were separated by xylene. Pellet was 
collected and smears prepared, fixed and stained by G iem sa’a stain (Fig. 4.5) showed 
parasites with rounded bodies and short flagella
Figure 4.5. G aim a's satin o f L. m exicana  prom astigotes after separated from  EVA  
surface by xylene showing rounded bodies with sort flagella.
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4.2 Biochemical characterization
Prom astigotes attached to various materials and free prom astigotes were extracted in 
M M E buffer and SDS-PAGE buffer to search for proteins associated with attached 
forms.
4.2.1 Polycarbonate membrane filter papers
Polycarbonate filter papers were cultured with L. mexicana and L. major 
prom astigotes. Two types o f  the filters surface were used: hydrophilic and 
hydrophobic (1.0pm  x 47 mm). The cultures were started at several different densities 
and the best starting density was found to be l x l 0 8/ml with about 5 ml o f  the 
prom astigote culture. The experim ent was repeated 5 times. Filters stained with sliver 
stain (see below) and with coomassie blue stain (see Appendix)
As the attachment was higher on the hydrophilic filters further experim ents were 
carried out using this type. The results showed L. mexicana parasites had an optimal 
attachm ent rate on the third day from initiation o f  cultures, and after three days 
attachm ent was reduced. Filters were extracted with M M E buffer to remove soluble 
proteins, then the filters were extracted with SDS-PAGE sample buffer, this fraction 
should contain cytoskeletal and hemidesmosomal com ponents. Protein bands o f  
various masses were detected by SDS-PAGE, estimated as 24.4 kDa, 37-38 kDa, 44.5 
kD a 47.7 kDa and 49kDa (Fig. 4.6, Table 4.3). The masses o f  L. major proteins 
m asses identified using the same protocol are shown in Figure 4.7 and Table 4.4.
The filter papers provided a quick method to generate attached prom astigotes o f  
Leishmania in vitro considering the short time that the parasites took to attach to the 
filters. Their reliability and ease o f handling make them good materials. However, the
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results obtained from filters may potentially be false positive. The filters may have 
adsorbed culture media components from the serum. Besides, there is uncertainty 
about the parasites being attached to the filter by the desired m echanism, as this was 
not clear in the electron microscopy photos.
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Figure 4.6 Silver staining o f L. m ex icana  prom astigote proteins collected at different 
days from  hydrophilic fdter papers separated by SD S-PA G E . The loaded volum e o f  
sam ple was lOpg per lane. L is the ladder o f m olecular mass standards, (ds =  days).
24 .4  24 .4  24 .4
3 7 -3 8  3 7 -3 8  3 7 -3 8
44.5  44 .5  44.5
49  47 .7  47 .7
Table 4.3 The m olecular m asses o f L. m exicana  prom astigote proteins collected at 
different days from  hydrophilic filter papers.
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Figure 4.7 Silver staining o f L. m ajor  prom astigotes proteins extracted from hydrophilic  
filter papers separated by SDS-PA G E. Loaded volum e o f  sam ple was lOpg per lane. L is 
the ladder. (N) Normal L. major prom astigotes. (A) Extraction with MME. (B) Extraction by 
direct addition o f  SDS-PAGE sam ple buffer to the filters.
18.5 2 3 -2 4 27.8
26.8 24 .4 34.5
28.8 26 .4 34.8
30.5 27.5 39 .9
3 3 -3 4 30.9 40 .9
3 5 -3 6 3 3 -3 4 7 5 -7 6
36 .9 34.2 100.5
40.1 36.5 -
4 3 -4 4 39 .9 -




110 7 5 -7 6 -
1 6 5 -1 6 6 92.1 -
200 13 7 -1 3 8 -
207 15 5 -1 5 6 -
T able 4.4 M olecular m asses o f  L. m ajor  proteins from hydrophilic fdter papers.
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4.2.2 Chitin
Chitin powder (Sigma C-7170) was used in culture with Leishmania in vitro. The 
chitin powder was used directly following sterilization with 70% ethanol then 
prepared in 1M NaCl solution (Yoshimi Shibata et al., 1997), 1 g o f chitin in 100 ml 
NaCl. This chitin was used either w ithout further treatment (un-sonicated) or 
following sonication at different powers, times and volumes (as described in Chapter 
3; M aterials and M ethods, Table 3.1).
8  •1 x 1 0  /ml o f  L. major parasites were cultured with the various chitin preparations in
2 #
25 cm culture flasks and incubated at 25°C for a week. The chitin particles were 
subjected to sequential extraction in M M E buffer and SDS-PAGE sample buffer to 
extract the proteins and run the gels. From previous work M M E buffer containing the 
non-ionic detergent Triton X-100 is predicted to extract soluble proteins from attached 
prom astigotes leaving cytoskeletons and hem idesm osom es still attached, which would 
then be extracted into sample buffer by the ionic detergent SDS. In the M M E 
preparations a large smear o f  proteins was revealed with a few discrete proteins bands 
appearing m ostly in the chitin preparation that was sonicated for 10 min at 25%  o f  full 
power (Fig. 4.8). The m olecular masses o f  those bands were estimated as 27-28 kDa, 
33-34 kDa and 42.2 kDa (Table 4.5). The smear presumably contains various 
prom astigote proteins and probably also components o f  serum from the culture 
medium  adsorbed onto the surface. In the other M M E preparations the bands were 
faint w ith only one band o f  33-34 kDa or no bands (Figure 4.8, Table 4.5).
The sample buffer treated chitin preparations were loaded on the SDS-PA GE gel and 
the proteins bands appeared more clearly and intensely than those extracted with 
M M E buffer.
The protein m olecular masses o f these were estimated and evaluated. The proteins o f  
the un-sonicated chitin preparations showed more intense bands than the other 
preparations. The m olecular masses o f  these bands are summarised in Table 4.5. The 5 
min and the 15 min sonicated chitin particles showed bands similar to the unsonicated 
chitin particles but lower in their intensity. The chitin solution that was sonicated for 
5min had the largest num ber o f  proteins o f  molecular masses 27-28 kDa, 28.9 kDa,
31.5 kDa, 36.9 kDa, 45-46 kDa, 92.1 kDa and 143-144 kDa. The 15 min sonicated 
chitin preparation showed several bands (Table 4.5) whereas the 10 min sonicated 
preparation showed only two weak bands o f  92.1 kDa and 143-144 kDa. L. major 
prom astigotes have a range o f  proteins with molecular masses from 18 to 207 kDa 
(Table 4.5). In comparison with the bands from the promastigotes attached to the 
chitin some were o f sim ilar mass: 28 kDa, 33-34 kDa, 30 kDa, 36.9 kDa, 43-44 kDa 
and 46.9 kDa. However, experim ent with chitin was preformed only once and w ithout 
further analysis we cannot be sure if  these are the same proteins or this is sim ply a 
coincidence.
106
Figure 4.8 S ilver staining o f L. m ajor  prom astigote proteins from chitin separated by 
SD S-PA G E . Loaded volume of sample was lOpg per lane. (U N I) proteins from un-sonicated 
chitin, lane (UN2) proteins from un-sonicated chitin, lane (5) insoluble proteins from 5 min 
sonicated chitin, lane (10) proteins from 1 Omin-sonicated chitin and lane (15) proteins from 
15 min-sonicated chitin. L is the ladder. (A) indicates the proteins extracted in MME buffer. 
(B) indicates the proteins extracted by subsequent addition of SDS-PAGE sample buffer.
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2 7 -2 8 3 3 -3 4
3 3 -3 4 -
42 .2 _
N il N il N il
26 .9 2 7 -2 8 2 7 -2 8 2 7 -2 8 26.1
28.5 28 .9 28 .9 91.2 30
30 .9 30 .9 31.5 1 4 3 -1 4 4 32 .9
36.1 36.5 36.9 3 7 -3 8
90 .2 44 .2 4 5 -4 6 46 .5
1 3 4 -1 4 4 8 7 -8 8 92.1 92.1
1 4 3 -1 4 4 1 4 3 -1 4 4
T able 4.5. The m olecular m asses o f proteins from chitin extractions. (A) Treated with 
M M E, (B) treated with sam ple buffer.
4.2.3. P ara ffin  w ax (candle wax)
Shavings o f candle wax were prepared from household candles using a scalpel blade. 
The shavings were sterilized with 70% ethanol and left to dry in the culture cabinet 
hood. When they were dried, the shavings were cultured with 1 x 108/ml o f  L. 
mexicana and L. tarenlolae parasites in a 25 cm2 culture flask and incubated at 25°C 
for 2 weeks with monitoring for attachment. The experiment was performed once for 
each species. A fter collecting the wax from the cultures and in order to prepare it for 
the protein extraction process and loading on the gel, the wax was treated in two 
different ways. The first method was to incubate the wax with MME buffer for 30
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min, then separating the wax from the buffer, adding the sample buffer to it, boiling 
for 5 min and loading onto the gel. The second method was to take the separated wax 
from the M EE buffer and incubate it with sample buffer for 1 hour at 37 °C, then 
collect the sample buffer w ithout the wax and boil for 5 min before loading onto the 
gel. The proteins bands seen on the SDS-PAGE gel from the wax directly treated with 
sample buffer appeared more intense in both species (Fig.4.9). M olecular masses o f 
protein bands from L. mexicana preparations were: 18.5 kDa, 22.2 kDa, 24.4 kDa,
30.9 kDa and 32.1 kDa (Table 4.6). From L. tarentolae the protein bands were 
estimated as:17-18 kDa, 21-22 kDa, 24.4 kDa, 32.1 kDa, 33-34 kDA, 36.5 kDa, 43.1 
kDa, 52.2 kDa, 54.5 kDa, 61-62 kDa and 87-88 kDa (Table 4.7).
L. mexicana L. tarentolae 








Figure 4.9 Silver staining o f prom astigote proteins from candle wax separated by SDS- 
PAG E. Loaded volume of sample was lOpg per lane. (1) Proteins of L. mexicana from wax 
treated by adding sample buffer at 37C\ lane (2) proteins of L. mexicana from wax treated by 
MME, lane (3) proteins of L. tarentolae from wax treated with sample buffer at 37C°, lane (4) 
proteins of L. tarentolae from wax treated with MME. L is the ladder.
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Proteins extracted by Proteins extracted by Proteins extracted 
direct addition of direct add of sample by MME
sample buffer buffer at 37°C
30 .9  24.4  22 .2
18.5 32.1
Table 4.6 The proteins m olecular m asses o f L. m exicana  from candle wax.
3 3 -3 4 24.4 1 7 -1 8
52 .2 32.1 2 1 -2 2
- 43.1 32.1
- 6 1 -6 2 36.5
- 8 7 -8 8 54.5
Table 4.7 The proteins m olecular m asses o f L. tarentolae  from candle wax.
4.2.4. E thylene-v invl aceta te  co-polvm er (EVA)
Pieces o f  2mm x2mm EVA were cultured in 25°C flasks with a starting density o f  
1 X 1 0  8/ml o f  L. mexicana promastigotes for one week.
Pieces were treated with MME buffer, or boiled with sample buffer for 5min, or 
incubated with sample buffer for 1 hour at 37 °C then boiled in sample buffer for 5 
min. The samples were then loaded on SDS-PAGE gels. The experim ent was 
perform ed 6 times. The proteins bands from all preparations appearing on the gel were 
few and their m olecular masses estimated as 24.4 kDa, 31 kDa and 36.5 kDa. The 
bands from EVA directly treated with sample buffer were more intense than those 
treated with M M E buffer (Figure 4.10, Table 4.8). The results obtained were from a 
few pieces per preparation and we assume that by increasing the num bers o f  EVA 
pieces we will get more biological materials.
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Figure 4.10 Silver staining o f L. m exicana  prom astigote proteins extracted from  EVA  
pieces separated by SDS-PAG E. Loaded quantity of sample was lOpg per lane. L is the 
ladder. (1) Proteins bands from pieces treated by adding sample buffer at 37C°. (2) Proteins 




T able 4.8 Protein m olecular m asses o f L. m exicana  from EVA pieces.
I l l
4.3 Molecular Approaches
4.3.1 Generating total RNA for cDNA library construction of attached 
promastigotes
From testing different materials the best one that provides highly pure and good 
quantity o f  attached parasites was Ethylene-Vinyl Acetate Co-polym er (EVA). This 
was chosen to generate attached promastigotes to use in m olecular approaches.
Use o f  EVA was developed according to experimental requirements. When testing 
m aterials ju st a few small pieces were used, about 1mm x 1mm. Preparation o f small 
EVA was tim e consuming and not easy to deal with, but it was acceptable in these 
experim ents because they were only testing the parasites ability to attach and only a 
few  pieces were required. Later the size o f  pieces used in biochemical analysis and 
SDS-PAGE were enlarged to 2mm x 2mm and more pieces with a scratched surface 
were produced to enhance the attachment, which consumed more time and required a 
high am ount o f  handling. For generating total RNA to use in m olecular experim ents 
we m axim ized the size to be between 5mm x 5mm and lcm x 1cm. This size was the 
best and easiest to deal with during culturing, washing and lysis o f  the cells.
L. mexicana promastigote cultures were initiated at 5 x 105/ml and cultured in 75 cm 2 
cell culture flasks in 60 ml o f  complete M edium 199 at 25°C. When the cultures 
reached stationary phase (4-6 x 107/ml),3ml o f parasite culture was incubated per well 
in 12 or 24 well plates with EVA then lysed using Trizol reagent (section 3.7).
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4.3.2 Total RNA extraction from EVA plates
Total RNA was extracted as described in 3.7.2 from four batches o f EVA pieces in 37 
plates (12 wells) producing RNA at a concentration o f 1.024pg/pl (Table 4.9). The 
RNA was loaded on to a 1% agarose gel electrophoresis to check RNA integrity, 
which was in good condition (Fig.4.11). The experiment was repeated and the Trizol 
extract sent to the Life Technologies (Invitrogen) company to construct the cDNA 
library from attached parasites o f L. mexicana.
j jna^ggsaiHRShjB
1 10 0.191 1.9
2 11 0.171 2
3 10 0.491 1.9
4 6 0.171 1.9
Table 4.9 The yield o f RNA from each batch extracted from L. m exicana  parasites 
attached to EVA.
Figure 4.11 1% A garosegel show ing intact RNA sam ples extracted from 37 plates o f  
attached L. m ex icana  prom astigotes to EVA. N um bers represent the different extractions. 
2ug o f  total RNA was loaded per lane.
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4.3.3 cDNA library construction
The library was made by the company and supplied in 80% S.O.C. medium , 20%
i i • . ™  ™
glycerol m the pENTR 222 vector and m aintained in the E. coli DH10B T1 Phage 
Resistant strain. It contains 3.6 x l0 7cfu o f  prim ary colonies and average insert size o f  
1.6 kb. About 87% o f the library contains inserts.
4.3.4 cDNA library screening
4.3.4.1 RT-PCR analysis of randomly picked clones
The library was tested by sequencing 48 randomly selected colonies from  the cDNA 
library plated on agar plates. Plasmid DNA o f the 48 colonies was sequenced in our 
lab using a Genome Lab™ Dye Term inator Cycle Sequencing (DTSC) Quick Start 
Kit. Sequence data was analysed using the Chromas Lite 2.01 program me and 
TritrypDB version 6.0, where information about the genes was provided (see 
Appendix 6.4 for more details).
Genes results were based on the NCBI database and matched genes from L. mexicana 
M H O M /G T/2001/U 1103. The L. mexicana U1103 strain was isolated from the ear 
lesion o f  30-year old male patient in Guatemala (Rogers et al., 2011). 24 o f  these 
genes according to the database information from both NCBI and Tritryp DB are 
characterized proteins and found to be expressed by different species o f  
trypanosom atids and Leishmania as well as by other organisms as docum ented in 
OrthoM CL database version 5.0 (Table 4.10).
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LmxM .30.0450 amastin- putative Leishmania only Single





peptidase, Clan T (l), 
family T IB
Trypcmosomatids only Single
Lm xM .29.3440 DNA ligase I, putative Trypanosomatids only Single
LmxM .25.0910 cyclophilin a Trypanosoniatids only Single
Lm xM .32.0792 beta tubulin Trypanosomatids only Single
LmxM .22.0420 40S ribosomal protein 
S I5, putative
Trypanosomatids only Single
Lm xM .03.0440 60S acidic ribosomal 
protein P2, putative
Trypanosomatids only Single
LmxM. 13.0280 alpha tubulin Trypanosomatids only Single
Lm xM .34.3780 60S ribosomal protein 
L27A/L29, putative
Trypanosomatids only Single
LmxM. 13.0560 60S ribosomal protein 
LI 8, putative
Trypanosomatids only Single
Lm xM .33.2900 ribosomal protein L3, 
putative
Trypanosomatids only Single
LmxM. 14.1270 ubiquitin/ribosomal 
protein S27a, putative
Trypanosomatids only Single
LmxM .03.0570 Quinone Trypanosomatids only Single
oxidoreductase,
putative
Lm xM .28.2560 40S ribosomal protein 
S I7, putative
Leishmania only Single
LmxM .34.3780 60S ribosomal protein 
L23, putative
Trypanosomatids only Single
Lm xM .34.0600 60S ribosomal protein 
LI 8a, putative
Trypanosomatids only Single
LmxM. 13.0390 alpha tubulin Trypanosomatids only Single
LmxM .33.2870 ribosomal protein L3, 
putative
Trypanosomatids only Single
LmxM .26.0170 60S ribosomal protein 
L7, putative
Trypanosomatids only Single
LmxM .28.2740a activated protein kinase 
C reseptor
Trypanosomatids only Single
LmxM.08_29.1740 histone H2A, putative Trypanosomatids only Single
LmxM .36.1430 translation elongation 
factor 1 -beta, putative
Trypanosomatids only Single
LmxM .09.1220 AAA family ATPase Trypanosomatids only Single
T able 4.10 Sum m ary o f identified genes from the random colonies selected from cDN A  
library.
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In addition 24 hypothetical proteins o f unknown functions were revealed by 
sequencing and database searching, some o f these were Leishmania-spec'ific other 
found in other trypanosom atids as showed in following table (Table 4.11).
LmxM. 11.0930 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM.23.1020 hypothetical protein, 
conserved
Trypanosomatids only Single
Lm xM .36.3620 hypothetical protein, 
unknown function
Trypanosomatids only Single
LmxM .30.2270 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM .36.1430 hypothetical protein, 
conserved
Trypanosomatids only Single
Lm xM .05.0450 hypothetical protein, 
conserved
Trypanosomatids only Single
L m xM .31.2500 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM .36.5060 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM .08.0410 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM.34.3180 hypothetical protein, 
conserved
Leishmania only Single
Lm xM .36.2450 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM .29.3025 hypothetical protein, 
conserved
Leishmania only Single
Lm xM .01.0620 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM .36.5850 hypothetical protein, 
conserved
Tiypanosomatids only Single
LmxM. 17.0810 Hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM.09.1505 hypothetical protein, 
conserved
Trypanosomatids only Single
LmxM. 17.0870 hypothetical protein, 
conserved
Tiypanosomatids only Single
LmxM .27.0650 hypothetical protein, 
conserved
Trypanosomatids only Single
Lm xM .36.3780 hypothetical protein, 
conserved
Tiypanosomatids only Single
LmxM .03.0640 hypothetical protein, 
conserved
Trypanosomatids only Single
Lm xM .27.1340 hypothetical protein, 
unknown function
Trypanosomatids only Single
LmxM .09.1210 hypothetical protein, 
unknown function
Trypanosomatids only Single
Lm xM .31.0180 hypothetical protein, 
conserved
Leishmania only Single




N one o f  the identified genes seemed likely to be components o f  hem idesm osom es, 
having different established functions within the cell. However, it was considered 
possible that one or more o f  the hypothetical proteins might be hem idesm osom al 
candidates. A lthough these are only randomly selected clones, this possibility was 
based on the assum ption that such genes should be highly expressed (since the 
hem idesm osom e is a structural component) and also should be conserved in other 
trypanosom atids (since all make hemidesmosomes). Therefore the expression o f  these 
hypothetical proteins was investigated further by comparing three different stages o f  
Leishmania mexicana; attached promastigotes; log-phase prom astigotes; and 
metacyclic prom astigotes, using the semi-quantitative RT-PCR technique. Primers 
were designed specifically for each gene and after RT-PCR, samples were loaded on 
1% agarose gels and photos were taken. Band intensities were measured (see 3.10.3) 
to determ ine their relative expression normalized to a control gene. The RT-PCR 
results showed variety o f  gene expression patterns; some genes showed sim ilar 
expression by the three stages; other genes were expressed m ainly or highly by one o f  
the three stages examined. Data analysis showed four genes that were highly 
expressed by metacyclic promastigotes comparing with the two other stages. These 
hypothetical proteins were LmxM . 11.0930, Lm xM .31.0180, Lm xM .36.5060 and 




a) Lm xM .l 1.0930 b) LmxM .31.0180
c) Lm xM .36.5060 d) LmxM .36.2450
F igure 4.12 R T -PC R  analysis o f m etacyclic upregulated genes. 10 pl/lane of RT-PCR 
products from (a) LmxM.l 1.0930, (b) LmxM.31.0180, (c) LmxM.36.5060c and (d) 
LmxM.36.2450 were loaded onto 1% agarose gel, showing their expression by haptomonads 
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Leishmania  G e n e s
Figure 4.13 Q uantitation o f RT-PCR expressions o f m etacyclic upregulated genes. The
graph represents levels of expression for the genes indicated comparing metacyclics with 
attached and log-phase promastigotes. The level of expression in each sample was 
individually normalized to that of the control gene ribosomal protein LlOa to allow for 
between sample variation in RNA quantity or quality.
Several genes (11) were expressed at higher levels by log-phase prom astigotes 
com pared to the two other stages examined. LmxM .27.0650 gene was found to be 
expressed only by log-phase promastigotes (Fig. 4.14), while Lm xM .01.0620, 
Lm xM .36.3780, Lm xM .31.2500, LmxM.30.2270, LmxM .08.0410, L m xM .31.1090, 
Lm xM .36.3620, LmxM .36.5850 and LmxM.05.0450 were expressed by all stages but 
more highly in promastigotes (Fig. 4.15, 4.16). For LmxM .25.0920 only RNA 
samples for attached forms and log-phase promastigotes were available (Fig. 4.17, 





Pro m as t ig o te s  Metacyclic H a p to m o n a d s  
Leishmania S t a g e s
P ro m a s t ig o te s
Metacyclic
H a p to m o n a d s
Figure 4.14 R T-PC R  analysis o f a putative log-phase prom astigote specific gene. The gel
and graph show that Lmx.M.270650 is only expressed by promastigotes and was absent in 
haptomonads and metacyclics. (H) haptomonads, (M) metacyclics, (P) log-phase 
promastigotes.
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F igure 4.15 R T-PC R  analysis o f log-phase prom astigote upregulated genes. Agarose gels 
showing RT-PCR bands of: a) LmxM.Ol.0620; b) LmxM.36.3780; c) LmxM.31.2500; d) 
LmxM.30.2270; e) LmxM.08.0410; f) LmxM.31.1090; g) LmxM.36.3620; and h) 
LmxM.36.5850. (H) haptomonads, (M) metacyclics, (P) log-phase promastigotes.
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■  P ro m a s t ig o te s
■  Metacyclic  
H a p to m o n a d s
^  ,A° ^  ^  <£$>
^  S  d? of N> < /^  k°5 kV  <sp kv  k?5p .'v3
# '  # '  # '  # '  # '  
v<f> . /  s f  v<? v«~ v<?
Leishmania  G e n e s
Figure 4.16 Q uantitation o f RT-PCR expressions o f log-phase prom astigote upregulated  
genes. Graph is showing bands that highly expressed by promastigotes. The level of 
expression in each sample was individually normalized to that of the control gene ribosomal 
protein L 10a to allow for between sample variation in RNA quantity or quality.
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Figure 4.17 R T-PCR  analysis o f Lm xM .25.0920 log-phase prom astigote upregulated  
gene. 1% agarose gel showing the bands of RT-PCR products of comparing between attached 
form (a) and log-phase (p) promastigotes.
■ H a p to m o n a d s
■ Log-phase
Leishmania  S t a g e s
F ig u re  4.18 Q u an tita tio n  o f Lm xM .25.0920 log-phase p ro m astig o te  u p reg u la ted  
gene expression. The graph is showing the expression level o f Lm xM .25.0920 gene 













H a p to m o n a d s Log-phase
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Four genes were found to be expressed at similar levels in attached forms, metacyclic 
prom astigotes and log-phase promastigotes: LmxM. 17.0870, Lm xM .09.1505,
LmxM. 17.0810 and LmxM .05.0450 (Fig. 4.19, 4.20). The level o f  expression varied 
between the different stages (Fig. 4.20).
Figure 4.19 RT-PCR analysis o f constitutively expressed genes. Agarose gels showing RT- 
PCR bands of: a) LmxM.17.0810; b) LmxM.17.0870; c) LmxM.09.1505; and d) 
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Figure 4.20 Quantitation of constitutively expressed genes. Graph showing expression of 
indicated genes in different stages. The level of expression in each sample was individually 
normalized to that of the control gene ribosomal protein LlOa to allow for between sample 
variation in RNA quantity or quality.
4.3.4.2. Screening  o f cDNA lib ra ry  w ith cDNA probes
Analysis o f  randomly picked clones from the cDNA library by RT-PCR indicated that 
the library was high quality and revealed clones with varying patterns o f  expression, 
including some putative metacyclic-specific genes. However, none o f those analysed 
showed haptomonad-specific expression that would be consistent with a 
hem idesm osom al protein gene. Therefore the cDNA library was screened further by 
spotting colony resuspensions on nylon membranes and using a DIG High Prime 
DNA Labeling and Detection Kit to generate and screen with cDNA probes. This 
technique enables the screening o f hundreds o f genes at the same time, is straight
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forw ard and reliable. It will have a natural bias towards highly expressed genes, which 
was desirable given that the hemidesmosome is a structural com ponent. Total RNA 
was isolated from attached haptomonads and unattached culture prom astigotes and 
reverse transcribed to generate cDNA then labeled with DIG. A total o f  1654 colonies 
were screened, 64 to 100 colonies per nylon membrane sheet. An exam ple o f  a typical 
screening experim ent is shown in Figure 4.21 (for more details see A ppendix 6.6). 
C olony suspensions were spotted on positively charged nylon m em brane and probed 
w ith total cDNA from attached forms and log-phase promastigotes.
A fter hybridization the membrane was developed and the intensity o f  the individual 
spotted sam ples was monitored frequently; 45 minute, 1 hour and overnight, and 
com parison between the two samples was based on the intensity o f  pairs o f  matched 
pairs o f  spots. As expected there was variation in spot intensity w ithin a membrane, 
this reflecting the expected variation in mRNA levels from highly expressed genes 
(intense spots) to weakly expressed genes (weak or no signal), the latter being genes 
that only require small amounts o f  protein. A number o f  differentially expressed genes 
were identified, the spot being distinctly stronger in intensity with one probe or the 
other. 25 genes were genes identified as being more highly expressed in attached 
haptom onad prom astigotes and 20 as being more highly expressed in unattached 
culture prom astigotes. The corresponding colonies for each o f  these spots were grown, 
plasm id DNA isolated and sequenced to determine the identity o f  the corresponding 
cD NA clones and their genes. The results o f  the sequencing are sum m arized in Tables 
4.12 and 4.13.
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Figure 4.21 Screening result showing duplicate arrays of resuspended colonies. The two
nylon membranes were probed with cDNA from (a) log-phase promastigotes and (b) attached 
promastigotes.
LmxM. 10.0405 GP63, leishmanolysin In other organisms multiple 99
LmxM.34.3870 nucleoside diphosphate 
kinase, putative
In other organisms multiple 99
LmxM.36.1610 universal minicircle 
binding protein, putative
In other organisms multiple 99
LmxM.04.0750 60S ribosomal protein 
L 10, putative
In other organisms multiple 99
LmxM. 14.0650 fatty acid elongase, 
putative
In other organisms multiple 99
LmxM.22.0030 60S ribosomal protein 
LI 1 (L5, L I6)
In other organisms multiple 100
LmxM. 12.0990 surface antigen protein, 
putative










Trypanosomatids only single 100
LmxM.36.0370 phosphatidylinositol-4- 
phosphate 5-kinase-like
In other organisms multiple 99
protein
LmxM.25.0910 cyclophilin a In other organisms multiple 100
LmxM.25.0910 cyclophilin a In other organisms multiple 100
LmxM.29.0860 surface protein amastin, Trypanosomatids only multiple 95
putative
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LmxM.31.0920 vacuolar proton-ATPase- 
like protein, putative





Trypanosomatids only multiple 99
LmxM.34.1890 60S ribosomal protein 
L5, putative
In other organisms multiple 92
LmxM.36.3590 cysteine synthesis multiple 99





Trypanosomatids only single 97
LmxM.32.0720 60S ribosomal protein 
L6, putative





Trypanosomatids only multiple 100
LmxM.32.0940 hypothetical protein, 
conserved
Trypanosomatids only multiple 99
LmxM.32.0720 60S ribosomal protein 
L6, putative
In other organisms multiple 99
LmxM. 18.1620 hypothetical protein, 
conserved





Trypanosomatids only multiple 99
Table 4.12 Genes identified as showing higher expression in attached promastigotes.
Those indicated with an asterisk (*) were subsequently investigated by Northern blotting.
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■91
LmxM.36.1040 hypothetical protein, 
conserved
Trypanosomatids only single 99
LmxM.23.0890 hypothetical protein, 
conserved
Tiypanosomatids only single 99
LmxM.34.3700 Gim5A protein, 
putative,glycosomal 
membrane protein
In other organisms multiple 92
LmxM.09.1340 Histone H2B In other organisms multiple 98
LmxM. 13.0280 alpha tubulin In other organisms multiple 100
LmxM.34.1890 60S ribosomal protein 
L5, putative
Trypanosomatids only multiple 98
LmxM.25.0910 cyclophilin a In other organisms multiple 100
LmxM. 17.0860 hypothetical protein, 
conserved
Leishmania only single 88
LmxM.06.0410 60S ribosomal protein 
L 19, putative
In other organisms multiple 95
LmxM. 19.1640 hypothetical protein, 
conserved
No information! multiple 77
LmxM. 10.1225 hypothetical protein, 
conserved
Trypanosomatids only single 99
LmxM.36.5120 40S ribosomal protein 
SA, putative
In other organisms multiple 99
LmxM.27.1130 intraflagellar transport 
protein 1FT88, 
putative
Trypanosomatids only single 63
LmxM.34.3670 hypothetical protein Trypanosomatids only single 100
LmxM.36.1635 poly-zinc finger 
protein 2, putative
Tiypanosomatids only multiple 99




Trypanosomatids only single 99






In other organisms multiple 70
LmxM. 13.0570 40S ribosomal protein 
S I2, putative
In other organisms multiple 99
LmxM.29.0180 2-hydroxy-3- In other organisms single 100
oxopropionate 
reductase, putative
Table 4.13 Genes identified as showing higher expression in log-phase promastigotes.
O f the genes identified as being expressed more highly by haptomonads compare to 
log-phase promastigotes several were not considered likely candidates for 
hem idesm osom al proteins due to their known function and/or their occurrence in other
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organism s beyond trypanosomatids, for example, LmxM. 14.0650 fatty acid elongase. 
Others appeared to be Leishmania-speclfic and were not considered or that reason. 
However there were 5 genes with appropriate properties: proteins o f unknown 
function conserved amongst trypanosomatids but not in other organisms (and showing 
higher expression in haptomonads according to the screening results): L m xM .31.0020, 
Lm xM .33.3790, LmxM .20.1290, LmxM. 18.1620 and Lm xM .32.0940. These selected 
genes were further investigated by Northern blotting to determine their level o f  gene 
expression. For each blot, 3 |ig  o f total RNA from attached prom astigotes and 
unattached promastigotes were ran on a 1% agarose gel, blotted on to nylon 
m em branes and probed with a probe specific for one o f the five selected genes. 
Photographs were taken to ensure the quality o f  RNA prior to blotting experim ents 
(Fig. 4.22). RNA was transferred overnight to positively charged nylon m embranes, 
then hybridized and developed. Figure 4.23 shows the results o f  representative blots 
together with the control gene (L m xM .l8.0620, 60S ribosomal protein LlOa, 
putative).
Figure 4.22 Total RNA from Leishmania promastigotes. 3pg of total RNA of (a) attached 
and (p) log-phase promastigotes on a 1% agarose formaldehyde-free gel.
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Control gene LmxM.31.0020 LmxM.33.3790
LmxM.20.1290 LmxM.32.0940 LmxM. 18.1620
Figure 4.23 Northern blots o f  five selected genes from  screening the cDNA library. The
control gene used was the 60S ribosomal protein LlOa, putative. Lanes contained RNA from 
either (a) attached forms promastigotes, (p) free log-phase promastigotes.
The results o f  the Northern blots indicated that for three o f the selected genes 
L m xM .31.0020, LmxM.33.3790, LmxM.20.1290 expression was equal or higher in 
the normal promastigotes, which differed to the colony screening results. However,
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two o f  the genes, Lm xM .18.1620 and LmxM.32.0940, showed stronger signals with 
attached promastigotes. Band intensity for the control gene was similar in both RNA 
samples.
4.3.4.3 A nalysis o f Leishmania-specific genes
Although hemidesmosomal genes would be predicted as conserved amongst 
trypanosom atids, this depends on the quality o f the underlying genomic databases, 
which are known to contain some errors in sequence assembly and/or annotation. 
Therefore, the expression pattern o f some o f the Leishmania only genes found in the 
library was investigated (Table 4.14). These genes were analyzed by RT-PCR, three 
times, to estimate the gene expression level in attached and log-phase prom astigotes. 
PCR products were loaded on 1% agarose gels, then stained for 30 minute to I hour 
with GelRed and photographed. The gels showed the intensity o f the bands from the 
two RNA samples (Fig. 4.24) and the graph shows the quantitation o f the expression 
level (Fig. 4.25). In most cases expression was slightly higher in log-phase 
prom astigotes than in attached promastigotes. The exception was for LmxM .29.3025, 
which is expressed by attached parasites more than by log-phase promastigotes.
LmxM.23.1020 Hypothetical protein, conserved Single 97
LmxM.34.3180 Hypothetical protein, conserved Single 99
LmxM.29.3025 Hypothetical protein, conserved Single 91
LmxM.27.1350 hypothetical protein, unknown 
function
Single 98
LmxM. 12.0905 Hypothetical protein, putative Single 73
LmxM.28.1165 Hypothetical protein, conserved Single 100
Table 4.14 Genes identified as Leis/wumia-specific investigated by RT-PCR.
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Figure 4.24 R T-PCR  products o f Leishmania-specific genes. The gel shows band intensity 
for 6 different genes in RT-PCR with RNA from attached forms (a) and log-phase 
promastigotes (p). The genes are LmxM. 12.0950 (12), LmxM.23.1020 (23), LmxM.27.1350 
(27), LmxM.28.1165 (28), LmxM.29.3025 (29) and LmxM.34.3180 (34).
■ H a p to m o n a d s
■  Log-phase
Leishmania Genes
Figure 4.25 The chart par is show ing the variations o f Leishmania genes expression by 





Previous studies o f  the life cycle o f  Leishmania have shown that the parasites 
change both their form and function as they differentiate from one stage to 
another, including some life cycle stages are that capable o f  attaching to their 
host by their flagellum (Bates and Rogers, 2004, Wakid and Bates, 2004). 
These attachment processes are believed to be important for the parasites in 
order to com plete their development in the sand fly vector, and there is strong 
experim ental evidence to support this in specific cases, for example the role 
o f  LPG in attachment to the midgut epithelium. This attachment is regarded 
as an im portant feature o f the life cycle, and may even be essential for the 
developm ent o f  the infective form, although a direct role for attachm ent in 
m etacyclogenesis has not been demonstrated. Haptomonad prom astigotes are 
a unique life cycle stage that attaches and forms hemidesmosomes between 
the flagella tip and the surface o f  the sand fly foregut or hindgut (Bates and 
Rogers, 2004). However, the identity o f  hemidesmosome protein m olecules 
and their function in the attachment process are still poorly understood 
(Bates, 2008). The overall purpose o f  this study was to investigate these 
proteins in order to identify them and improve our understanding o f  
Leishmania hemidesmosomes.
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The first objective o f  this study was to develop an in vitro attachment system 
capable o f  generating haptomonad forms in sufficient quantity to enable 
biochem ical and m olecular investigations to be undertaken. Although 
attachm ent had been previously studied in Leishmania and other 
trypanosom atids, existing methods were only small scale. Therefore, various 
different m aterials were tested whose properties suggested they m ight be 
useful substrates for attachment, yielding an amount o f attached parasites 
suitable for the purposes o f the project. To make a fair comparison, at the 
beginning it was important to standardize the in vitro cultivation method by 
using a standard starting density and sub-passage. To achieve this growth and 
attachm ent by forming hemidesmosomes were tested by culturing with a 
material previously used in other projects, plastic Melinex sheets (W akid and 
Bates, 2004), to be a control measure with different starting densities o f  
L. mexicana promastigotes cultures.
The m onitoring and microscopic examination o f  the cultures with M elinex proved that 
starting with high density yielded a high rate o f  attachment as in previous studies 
(Berens et al, 1976; Beattie and Gull 1997; Ghosh etal, 1999; Wakid and Bates, 2004; 
Harder et al., 2010). Subsequently a starting density o f  1 x 108 /ml was used in all 
experim ents. Cultures only a few sub-passages after initiation and transform ation from 
lesion am astigotes showed many clustered parasites in suspension in rosettes, linked 
by their flagella, which suggested that the numbers o f attached parasites would be 
higher than with cultures that have been through many sub-passages. This was clear 
from the attachm ent behavior o f the promastigotes, which was much m ore active in 
cultures with few sub-passages, because with time the rate o f attachm ent o f 
prom astigotes decreased. Examination o f Melinex by scanning electron m icroscopy at
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high pow er confirmed the forming o f hemidesmosomal-like attachment and was used 
as a reference for the attachment to other materials, and as had been previously shown 
(W akid and Bates, 2004).
Various combinations o f  three different species, L. major, L. tarentolae and 
L. mexicana, were cultured with different materials; polycarbonate m em brane 
filter papers; chitin powder, agarose gel, n-Octacosane wax, candle wax,
Parafilm , polystyrene, Sepharose, Sephadex and Ethylene-Vinyl Acetate 
Copolym er (EVA). Based on microscopic examination, generally the 
attachm ent o f  L. major to the materials was low in comparison to the other 
species, although whether this was a species-specific effect or ju st relates to 
the specific strain used in this study is not known. A sim ilar result was
obtained by another m ember o f  the laboratory also working on L. major 
(M. Bates, personal communication). In contrast, the lizard parasite L.
tarentolae attached at a good scale similar to L. mexicana, but am ongst all o f  
them  L. mexicana gave the best rate o f  attachment and also was an easy
species to deal with during the culturing process. No statistical analysis o f  
prom astigotes attachment to different materials is presented as due to their 
varied shape, size and physical properties counting and estim ating their 
num ber on the tested materials in a comparable way by m icroscopic m ethods 
was either difficult or impossible. These conclusions are therefore based on 
careful observations.
M ost studies o f  trypanosom atid attachment have concluded that the mechanism  is 
dependent on some form o f  hydrophobic interaction (W akid and Bates, 2004). Plastic 
m aterials such as polycarbonate Ethylene-vinyl acetate copolymer, M elinex plastic
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sheet and polystyrene Petri dishes, together with the materials paraffin, n-octacosane, 
chitin and agarose were used because o f their hydrophobic properties. A previous 
study described a weak attachment o f T. cruzi to chitin (Kleffmann et al., 1998). In 
this study the parasites attached to chitin based on the microscopic examination o f  the 
cultures for 7 days. However, the rate o f the attachment was low and did not increase 
with time, and that may because the parasites in the insect midgut and in vitro 
releasing a chitinase enzyme that lysis the chitin framework to help the parasites to 
migrate and escape the PM (Schlein et al., 1991; Rogers et al., 2008). So their 
attachm ent m ay be tem porary or it is only happening in the vector sand fly.
The attachm ent behavior o f  the parasites to the plastic materials and hydrophobic 
substances has been observed in vitro in this study. Here Leishmania prom astigotes 
attached to different materials and showed a high rate o f attachment to the materials 
m ade from plastic. The promastigotes were also seen attached to the wall o f  the 
culture flask and the surface o f  the Petri dishes. Several previous studies have used 
plastic m aterials to study and investigate the attachment system in trypanosom atids. 
All showed the reliability o f  plastic and hydrophobic surfaces to create a good 
adhesion surface for the parasites (Beattie and Gull, 1997; S ch m id ts  al., 1998; 
K leffm ann et al., 1998; W akid and Bates, 2004), and for this reason m ost o f  the 
m aterials were chosen with these properties in mind.
Kleffm ann et al. (1998) and Schmidt et al. (1998) stated that the Trypanosoma cruzi 
epim astigote attachment mechanism requires a hydrophobic surface and the parasites 
are not able to attach to hydrophilic surfaces, as the superficial layer o f  the rectum  o f 
Triatoma infestans, the vector o f T. cruzi, was shown to be hydrophobic. In this study 
the Leishmania prom astigotes attached to hydrophobic as well as to hydrophilic
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substances as shown on polycarbonate filter papers. However, exam ination by 
inverted m icroscope did not clarify whether the parasites were attached by form ing 
hem idesm osom e or other mechanisms. So photographs o f these mem branes were 
taken by scanning electron microscopy. Parasites seemed anchored via their flagella 
inside the filter pores so it was difficult to confirm the attachment m echanism. 
However, parasites were definitely attached because observations showed that the 
parasites remained on the membrane during extensive washing and vortexing. As the 
Leishmania prom astigotes attached to the hydrophobic and hydrophilic m aterials this 
may indicate that the hydrophilic surfaces became coated with hydrophobic 
m olecules, for example lipids from the serum, assuming the mechanism is the same in 
both cases.
A garose-coated Petri dishes did not deliver a good attachment o f  prom astigotes. 
G iem sa-stained slides showed that most o f  the parasites seemed clustered around the 
edge o f  the agarose-coated area, and there were m orphologically sim ilar parasite 
forms within the cultures, which indicated the majority o f  the population were not 
attached parasites. Kleffmann et al., (1998) found only 3% o f  Trypanosoma cruzi 
epim astigotes attached to the hydrophilic surface o f agarose, which they considered an 
insignificant result. Here, it was difficult to confirm whether the parasites were 
actually attached to the agarose surface, were ju st lying on the surface or sticking 
there because o f  the natural consistency o f the agarose, when looking at them  with the 
inverted m icroscope. For these reasons the agarose experim ents were discontinued 
and other m aterials examined.
The attachm ent to the n-octacosane, paraffin wax and ParaFilm also was not 
significant; the num bers attached were low and did not achieve the required level for
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this study. The n-octacosanewas used before to study the attachm ent ability o f  
Leishmania prom astigotes in vitro (Wakid and Bates, 2004). The n-octacosane was 
m elted and used to coat the Melinex surface to enhance the parasitic attachm ent 
m echanism . These authors found that Melinex coated with n-octacosane had a positive 
effect on the attachm ent process. It enhanced attachment in comparison with the other 
m ethods that were used in the study. The substances polystyrene, Sepharose and 
Sephadex gave negative results. The parasites did not attach to them at any point. 
However, polystyrene was used before to culture T. cuzi epim astigotes and they 
attached at a significant rate. These parasites attached to polystyrene Petri dishes 
(Kleffm ann et al, 1998), while in this study microparticles based on polystyrene were 
used. The concept o f  using these was that the promastigotes may attach to the round 
m olecules in an organized way and provide good pictures o f  the attachm ent 
m echanism  but the approach was not successful. The reasons why the parasites did not 
attach to the beads are unknown. Presumably, it may due to the difference in the 
chemical com ponents between the two substrates o f  polystyrene or the beads are not 
com patible w ith the needs o f  the parasite. It could also be that the pH o f  the culture 
m edia or enzymes released by the promastigotes made the surface unsuitable for 
attachment.
Ethylene-Vinyl Acetate Copolymer (EVA) was a new material to try, chosen based on 
its therm oplastic properties. Trypanosomatids attach to materials made plastic or have 
plastic as a m ajor component in their composition. Also EVA physically is 
characterized by its softness, flexibility and clarity o f appearance which make 
form ation to the desired shape and handling during the whole experim ent easy. The 
chem ical and physical properties o f EVA made it a good candidate to use in our study. 
It was the best substrate that generated attached promastigotes with high quantity and
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good quality. About ~ 90 % o f the population were attached forms. A ttachm ent o f  L. 
major com paring to L. mexicana was obviously different. L. major poorly attached to 
EVA w hile L. mexicana attached at high numbers. This may be because o f selective 
attachm ent or the specific attachment behavior o f the parasites when they attach to the 
sand fly m idgut during their life cycle (Pimenta et al., 1994). The easy preparation, 
culturing, handling and washing o f the EVA minimized any contam ination with 
m edia, serum or any other supplements. Also the flexibility o f EVA made it 
applicable to use for any purpose; it was used as small pieces for electron m icroscopy 
or as large pieces in any shape (round flat with rough surface) for protein and RNA 
extraction. The only drawback was that, according to both Glasgow and Liverpool 
U niversity electron microscope units, it was hard to get transm ission electron 
m icroscope pictures due to incompatibility between the resin that is used in the 
fixation process and the nature o f  EVA. They did not bind together, which is an 
im portant step for the sectioning step in the transmission electron microscope 
procedure, which resulted in unsuitable images. The purpose o f  transm ission electron 
m icrographs was to look at the hemidesmosomal plaque in cross section that is formed 
by attached parasites (Wakid and Bates, 2004). However, based on scanning electron 
m icrographs it was very convincing that attachment was occurring by 
hem idesm osom es, their appearance being essentially identical to the previous study 
(W akid and Bates, 2004).
M aterials that showed good parasite attachment were used in experim ents aimed at 
biochem ical characterization o f proteins extracted from attached prom astigotes. 
Polycarbonate m embrane filter papers, chitin powder, n-Octacosane, paraffin wax and 
Ethylene-V inyl Acetate Copolymer (EVA) were used in these experim ents. The filter 
papers provided a quick method to generate attached prom astigotes o f  Leishmania in
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vitro considering the short time that the parasites took to attach to the filters. Their 
reliability and ease o f  handling made them good materials. However, the results 
obtained from filters may potentially be false positive. The filters may have adsorbed 
culture m edia components from the serum. Also there is a possibility that some o f  the 
flagellar com ponents o f  free promastigotes attached to the filter and after they were 
treated with M M E buffer were re-absorbed by the filter. That may have resulted in the 
appearance o f  proteins bands o f whole free flagella o f  prom astigotes m ixed with 
proteins from attached forms. Besides this there was uncertain confirm ation o f  the 
parasites being properly attached to the filter as this was not clear in the electron 
m icroscopy photos. M M E-buffer treated chitin samples were loaded on gels and 
resulted in a range o f bands with different molecular weights. However, the 
experim ent with chitin was performed only once and w ithout further analysis we 
cannot be sure if these are the same proteins or this is simply a coincidence.
Paraffin w ax as an enhancement factor for Leishmania promastigotes in vitro has also 
been shown previously. It can raise the rate o f parasite attachm ent in vitro when it is 
m elted and used to coat the surface o f  materials (W akid and Bates, 2004). In this 
experim ent, paraffin candle wax was used in a different form, as a non-m elted form by 
shaving flakes from candles, after melting and solidification as flat sheets, and as big 
and m edium  sized round shaped wax particles. The best form was the wax flakes; the 
parasites attached to them more than other forms. It also provided a clear view o f  
parasites attachm ent through the microscope. However, with the other forms o f  wax 
the outcom e was not clear and it was difficult to judge if  there was attachment. The 
advantages o f  using candle wax includes it cheapness, providing a good quantity o f 
m aterials to culture with the promastigotes and it gives a clear view o f  parasite 
attachm ent under the microscope. It is also easy to prepare and culture. The
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disadvantages were as follows: they were hard to collect from the cultures as most o f  
them  adhere to the wall o f the flask and the tube during the washing steps, which 
resulted in losing valuable parasitic biological materials. Also their potential 
contam ination with the culture media during their collection, that may give false 
positive results on SDS-PAGE. If the wax flakes were left over a week in the 
incubator they turned into one piece. They also melted and became solid material 
when boiled for loading onto the gel and for those reasons it was disqualified from 
further use in this study.
EVA  was used to generate attached promastigotes and then used to extract proteins. 
The num bers o f  bands from EVA were few in comparison with the other materials 
that were used for biochemical identification and that confirmed previous suspicions 
about the contamination o f these with media components. The results obtained were 
from a few pieces per preparation and it assumed that by increasing the num ber o f 
EVA pieces more biological material will be obtained. The molecular masses from 
protein extraction and SDS-PAGE gels were estimated manually and may include a 
percentage o f  inaccuracy. Also the proteins band results could include those from 
other stages o f  Leishmania promastigotes and culture supplements. Due to these 
uncertainties and unclear results and also that identification o f  these proteins by SDS- 
PA G E required a large amount o f biological samples, alternative approaches were 
sought to circum vent these problems. Investigation based on sensitive and specific 
m olecular approaches which required less biological materials was therefore pursued.
Sufficient quantity and quality o f  RNA was generated to construct a cDNA library o f  
L. mexicana EVA attached promastigotes for genetic investigations. A cDNA library 
is m ade from mRNA which therefore reflects proteins synthesis in the cells from
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w hich it was extracted. Based on this premise, a cDNA library from attached parasites 
was constructed to search for hemidesmosome protein genes. The library was then 
screened by RT-PCR, colony hybridization and Northern blotting. RT-PCR is a 
sensitive m ethod that allows detection o f small amounts o f mRNA and any variations 
in expressions among genes, and provides rapid results (M orrison et al, 1998). Semi- 
quantitative RT-PCR is performed, as in this study, by m easuring the relative 
expression o f  a target gene versus a housekeeping gene (ribosomal protein L10) and 
this m easurem ent used to investigate the physiological changes in gene expression 
(PfaffI, 2001), applied here to detect the gene expression level am ong the three 
Leishmania stages.
The results obtained from RT-PCR showed that the majority o f  the genes were highly 
or only (at detectable levels) expressed by log-phase promastigotes, despite the library 
being constructed from haptomomad mRNA. These are possibly proteins that are 
involved in division and active multiplication processes. Also they could be proteins 
for prom astigote growth and structural components, for example, cytoskeletal 
proteins, w hich are required high levels. Lu et al., (2007) and Garcia-M artinez et al., 
(2007) observed that about 50 and 70% o f genes expressed in log-phase o f bacteria 
and yeast have good correlation between mRNA and protein levels. The variation in 
gene expression between Leishmania stages (log-phase, metacyclic and attached 
prom stigotes) is reflected in the differences in individual gene functions, as each one 
o f  those stages has a special distinctive role during the parasites life cycle. Previous 
w ork reported that proteins which are involved in metabolic and signaling pathways 
are characterized by a strong correlation between mRNA and proteins levels, while 
those in large complexes have a weaker correlation (Schmidt, 2007). Screening the 
library by RT-PCR was performed for limited numbers o f  colonies, the technique
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applied to estim ate the level o f  gene expression. Despite the advantages o f  RT-PCR, it 
is used as a semi-quantitative method that provides indirect evidence about gene 
expression levels and also there is always a minor percentage o f  variability. Therefore, 
screening the cDNA library was continued by using hybridization with cDNA probes.
Library screening enables the expression o f thousands o f  genes to be assessed in 
parallel at the same time. The measurement o f expression levels is based on observing 
the difference o f intensity o f  colony hybridization between the different probes used 
on the membranes. Screening o f  colonies was repeated many times and in each run 
there were few differences from previous ones. Screening by hybridization is a critical 
technique has many factors that could cause biases such as the hybridization handling 
process, incubation temperatures and scanner settings at membrane photographing. In 
general experimental conditions may cause differences in samples in replicate 
experim ents that make distinctions between differentially and constantly expressed 
genes difficult (Yang et al., 2002), so during the application efforts were made to 
m inim ize the variations and optimize the technique accuracy.
1654 colonies were collected from agar plates o f the cDNA library; spotted, 
hybridized with probes o f  log-phase and attached phase promastigotes, washed and 
finally stained with the colorimetric substrate NBT/BCIP. The results dem onstrated 
variation in colony intensity between the two stages. Both prom astigote forms have 
sam e intensity for some colonies, but similar to the results from RT-PCR the m ajority 
o f  the colonies were more intense on the log-phase prom astigotes membrane. 
However, five genes from among the large number o f  screened colonies were more 
intense in attached forms and characterized as hypothetical proteins conserved 
am ongst trypanosom atids only. They were ideal candidates for this study and to
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confirm  their expression level Northern blot analysis was performed, which the most 
accurate technique for measuring gene expression because it deals with the RNA 
sam ples directly without potential interference from various factors like the 
am plification step in RT-PCR and variability in membrane hybridization methods. 
However, this technique does require large amounts o f high quality RNA, in 
com parison to RT-PCR and hybridization where requirements are modest. 
N evertheless, Northern blotting was feasible using the EVA method developed in this 
study. The results indicated that three o f the five genes were more highly expressed in 
log-phase promastigotes compared to attached forms, in contrast to what was expected 
from  the screening. The other two genes were more encouraging, although the results 
cannot be considered conclusive from these data alone. LmxM .18.1620 
and LmxM .32.0940 appeared to be more highly expressed in attached promastigotes, 
and are worth further investigation.
Hypothetical assumptions about the proteins o f  hemidesmosomes are summarized as 
follows. Proteins that are involved in creating hem idesm osom es are expressed only by 
attached prom astigotes in high level or they may be found in other stages but at much 
lower level, as the hemidesmosome is a unique structure o f  the attached forms and 
not seen in other stages, and those proteins should be produced in abundant quantity to 
regulate and form the structure. These should be proteins only expressed by attached 
forms or proteins that already exist in other stages but when prom astigotes 
differentiate to different stages those proteins decrease or increase according to the 
parasites need, in the case o f  hemidesmosome formation they should increase. 
Screening the library showed that the attached parasites shared with the log-phase and 
m etacyclic promastigotes manyproteins being expressed at a sim ilar level and only a 
few  that were higher in attached forms. Results that were obtained from identification
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o f  1702 cDNA colonies by RT-PCR, screening by cDNA probes, and Northern 
blotting showed very few potential proteins specifically expressed or being more 
highly expressed by attached parasites. The quality o f the cDNA library was good but 
by screening large numbers o f  library genes the relative lack o f success may have 
m any explanations. Perhaps there are no specific proteins for hem idesm osom e-like 
structures and they are composed o f proteins that are also expressed by other stages. 
That could be confirmed by localization techniques for genes to determine the location 
o f  their protein products in promastigote morphology. Or it might be there are proteins 
w hich are only expressed to form hemidesmosome structures but they are few in 
num ber and scattered among the library which needs more screening. Another 
possibility is that the mRNA sequence length o f  hemidesmosomal genes is too long to 
be included in the constructed cDNA library as the library if  they are particularly large 
proteins and that may the reason why they have not been found despite the large 
num ber o f  colonies screened.
Six genes that are found only in Leishmania species were found by the cDNA library 
screening process. The genes were analyzed by RT-PCR to determine their expression 
level in comparison with log-phase promastigotes as they may be specific genes for 
attached parasites but not hemidesmosomes. The results showed no significant higher 
expression among attached promastigotes, five were higher in log-phase 
prom astigotes, one gene being expressed more by attached forms but only slightly 
m ore than the log-phase promastigotes. Due to the restricted time o f the project 
localization could not performed to determine the location o f  the proteins from genes 
that were expressed by attached promastigotes, which may those proteins located in 
the hem idesm osom e structure.
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Identified proteins included those with known function. For example, tubulin (a  and 
B) proteins were repeatedly detected among the screening process and expressed by all 
stages. That is expected as tubulin is a fundamental component o f  the Leishmania 
cytoskeleton structure that is also responsible for cell shape and is involved in 
biological activity such as cell division, ciliary and flagellar motility and intracellular 
transport (Cesar et al., 2013). The alpha tubulin was found on chromosome 13 sim ilar 
to L. braziliensis (Cesar et a l,  2013), while beta tubulin was found on chrom osom e 
32. O ther proteins frequently observed were ribosomal proteins. In eukaryotes, 
ribosom al proteins are part o f its translational apparatus and function in cell growth 
and apoptosis regulation mechanisms (Naora, 1999).
In conclusion, unfortunately this study did not successfully identify the genes that are 
involved in hemidesmosome structure. However, a much improved attachment system 
was developed and two genes were identified that appear to be upregulated in 
haptom onads, although whether they are truly stage-specific or associated with 
hem idesm osom es remains to be determined. Most o f  the genes identified were 
expressed by other stages and none o f  them being expressed at sufficient level to be 
considered as attachment-specific proteins or proteins involved information and 
regulation o f hemidesmosomes. Results from the approaches that were applied were 
appropriate to the study purpose, but they were also time consuming and needed lots 
o f  effort to optimize.
5.2 Project difficulties
M ost o f  the obstacles faced during this study were derived from the culturing o f  the 
prom astigotes. After several sub-passages the promastigote attachment rate decreased 
and they gradually lose their ability to attach. In addition L. mexicana prom astigotes
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have a tendency o f reverting to the amastigote stage in stationary phase, the non- 
m otile forms (no flagella). Also the time o f culturing was different from one material 
to another. Some o f  them provided results in a short time while some needed a much 
longer time. The decision o f at what time the parasites should be collected was also 
critical. There were times where the parasites were left for a long time in attem pts to 
provide large quantities o f  attached promastigotes but this ended in losing the 
parasites as they then died resulting in lost time. There was also difficulty finding a 
robust system to figure out the numbers o f the attached promastigotes in the cultures. 
That was not easy as the counting on most o f the materials that were used in this 
project was hard. Choosing the materials to test with the parasites in fact was a time 
consum ing process, because many substances were tried based on previous studies as 
well as new  materials in order to try and generate significant results. The handling o f  
some o f  the materials such as chitin and wax particles was difficult as they are in 
pow der form and the particles are small. It was also hard to collect them from the 
cultures. M any were lost during washing steps and the extraction process. Also they 
were mixed with the culture media M 199 that contains supplements and some o f  the 
proteins bands detected on the gels may refer to some component o f  the M edium 199 
and not to the haptomonads.
Library screening techniques were critical, choosing suitable methods and perform ing 
them  was time consuming. Each technique consumed lots o f time to optimize and 
then experimental replications and results analysis were not easy. Sample preparation 
for transm ission electron microscopy was difficult, as it turned out EVA was not 
suitable for fixation process, and it was hard to devise an alternative way to separate 
the attached parasites from the EVA surface and collect a pellet to process for electron 
m icroscopy. A fter several attempts a pellet was finally collected but the process was
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too harsh on the parasites and resulted in destruction o f the parasites structure and 
unsuitable have transm ission electron micrographs. Screening the cDNA library by 
hybridization was the most time consuming technique due to it needing large 
quantities o f  RNA from attached parasites, and it took a long time to culture and 
extract the RNA form the huge numbers o f cultures. Also the application involved 
m any factors that affected the outcome, and consequently results were variable and 
confusing. In some cases an experiment with the same samples required repetition 
over 3 times to get confident results and took a long time to be completed.
5.3 Future work
The hypotheses within this study may be tested by further modifying the study plan 
and by applying new approaches. The hind gut o f a model insect such as M anduca 
sexta, a very large caterpillar, could be used as an alternative attachment surface for 
Leishmania. This approach may also use to get clear and efficient transm ission 
electron m icroscopy images. The lizard Leishmania tarantolae is known to attach as a 
haptom ond form to the hindgut cuticle o f  Lutzmomyia longipalpis and this also m ight 
be used for TEM  studies. Screening could be conducted by searching am ong 
com pleted sequenced data base o f  L. major, L. infantum and L. braziliensis by using a 
bioinform atics approach. Further investigation also could be applied to identify genes 
by generating antibodies or transfecting parasites with GFP-tagged genes so the 
subcellular localization o f  potential hemidesmosomal gene products could be 
investigated. Finally, gene knock down or gene knock out for hem idesm osom e 
specific gene could be performed to inhibit the adhesion process and that could 
provide more information about the proteins function and their role in 
hem idesm osom e structure.
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Mic| HV I M ag i D ate  ISam plel H FW  V FW  ! 
- 6  kV 1900  x l l9 /07 /1 1 , 1 6 :4 4 i EVA I60.6 pm  48.1 pm j
HV M ag ! D a te  S a m p le  H FW  V FW  : 




a. Com plete Pictures o f scanning electron microscopy o f L .mexicana attached to 
Ethyl Vinyl Acetate Co-polymer (EVA) surface in clustered form.
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Mici HV i M ag j D ate S a m p le  HFW  j VFW  
,3 kV 5 0 0  xi 1 9 /0 7 /1 1 ,1 7 :1 1  [ EVA 2 3 g .4  p m j182 .9  pm
Mic[ HV [M ag] Date ISamplel HFW I VFW | 
- 110 kV l250x!29/07/11, 15:361 EVA |460.7 pmj365.8 pm
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Mic! HV I Mag I Date ISamplel HFW j VFW 1 
[6 kVJlgOO x 29/07/11, 12:24! EVA .60.6 pm 48.1 pm
HV i Mag I Date ;Sample| HFW j VFW I 
10 kV|1000x129/07/11, 15:451 EVA 1115.2 pm!91.4 pmi
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b. Complete Pictures o f scanning electron microscopy o f L .mexicana attached to 
Ethyl Vinyl Acetate Co-polymer (EVA) surface by forming hem idesm osom e- 
like structure.
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HV Mag Date Sam ple HFW VFW  
10 k V i3 3 0 0 x |2 9 /0 7 /1 1 .15:12, EVA l34 .9p m l27 .7u m
HV Mag Date Sam ple HFW VFW 
6 kV|4000 X129/07/11. 14:591 EVA 128.8 pm 22.9 pm
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Micj HV M ag D ate ISamplel HFW VFW  
- 10 kV 800 0  x 2 9 /0 7 /1 1 ,1 5 :1 7 ; EVA 14,1 pm 11,2 pm
^ \ ^ M a g  | Date |Sample|HFW | VFW  
10 kV 14000 x 29 /07 /11 ,16:51  jmelinex S pm |6.4 pm
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6.2 Appendix
a. Complete data o f SDS-PAGE gels o f Leishmania species extracted proteins 
from different materials.
L T Cyto Fla EVA1 EVA2
Proteins from attached L.mex to EVA comparing with free log-phase promastigtes 
proteins, silver stain.
L EVA MEE SMEE EVA MEE EVA SMEE
EVA proteins extracted by MME and SMME buffers stained with sliver stain.
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L 1 2  3 4
Proteins extractions from hydrophilic filter membrane o f attached promastigotes on 
different days. Numbers are referring to days. Silver stain.
L P A
Two days cultures o f filter membrane. (A) attached promastigotes, (P) free log-phase 
prom astigotes. Sliver stain
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One day cultures o f filter membrane. (A) attached promastigotes, (P) free log-phase 
promastigotes. Sliver stain.
L wa x  MME wa x  p o w d e r  EVA-MME EVA 
T *  T *
Proteins extractions from attached promastigotes with MME treated- and non-treaded 
wax and EVA. Silver stain
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:mmr
Proteins extarction from (A) attached promastigotes, (P) free log-phase promastigotes 
from filter papers, stained with coomassie blue stain.
6.3 A ppend ix
Fixed L.mex attached on Melinex plastic sheet stained with fluorescent dye
185
6.4 Appendix
Com plete data o f sequenced genes identification by Chromas Lite 2.01 programme 
and Tritryp DB version 6.0
Parasites L.mex
Gene ID LmxM. 11.0930
Gene name Hypothetical proteins, 
conserved
Feature Trypanosomads only
Sequencing length 377 aa
Molecular weight (MW) 42633 Da




A T A A T C G A T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A
T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T
A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C G C A A A C C A G G A G A A A A
G A G C A G T T T C C G C A G A T G A G A C A C C G C A C C A C A G A C T A C A T T T A C T C A T T A T T C G T T T A A
T C G T G T T T T A A T A G A G C A A A G C G C T G C A G C G C C G A T A A T A G A C A G A C A T C T T T T T T T T T T
C G C A C A A C G A G A A TC A A A A C G TA G A G A TA A C G C C TA A C C C C G C A T G TG A A A A A A A A G TG G
A T A A T A A A G A A C T A T G A G A A G T G C C A C C A C C A T T C A G A A G A G A G C A T T C A T C C C T G G C G C
A G T C A T C C C C C C T C C A C A C T G C C T A T T G A C T G G A T G T C G A C A A A A C A T T N G G G T A T A T T
Protein Sequence
M V F D V N G D F V E N E Q Q F V E A A R K S IN L T IK L Q N T S G M S E L IA R V L E D D D R R A S G T IS T S A L  
D F D E L L R T T P R F N F L S G D H P L F R R Y N K R L S Q Q R Q A A A L IA Q R T A E A E L Q R Q V E IK E R L R R  
A L E E E A A L Q K K K E Q E K A E R Q R M R A A Q E P A R F V P E E P F L K IIK D E S A F G Q V E R E V K R S E P P  
A E P K V E S K T E V A T S E A IT N T A T G T S T T L S N D V A A T IS A E E L L V L V G V P T E A M E T T T P A L E  
D L A E A IA L P L P E N T A T Y V A L P A E E Y T L C S G E R V V S IIK K R S G P IP A P P P G K P P V IN K A A A  
S R L N E P V K R A K P V E K M V R Q R T P S N E Q P Y K S R H R S R S P R S R R R S E R D H S P K T R S R H H R R D D  
P S S H R Y H K N S R D S K H R R
Sequence length 1 9 5  a a
Molecular weight (MW) 2 1 7 5 2  D a
Isoelectric Point (ISP) 8  . 1 3
Signal peptide N o / 3
Parasites L.mex
Gene ID LmxM.30.0450
Gene name amastin, putative
Feature Leishmania only
DNA sequence
A C T A T A G G G G A T A T C A G A C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T
G T T C G T T G C A A C A A A T T G A T A A G A C A A T G C T T T C T T A T A A T G C A C A A C T T T G T A C A A G A A
A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T T T T T T T T T G C C T C C C C T C T C A C
T A T G G C A A T T A G T G T C C G T T A C A G G C A T T T A T G C C A C A T C A C G G T T C T C C T C A T G T C C G C
T G G C C G C T G A A C C G C A C A G C A G T A C C A C T A G C C G T G A A A A A C G C G T G A A A G C T G C G T C T A
T G C C G T C A C G A A G C A C C G C A T A G C C G G C C A T A C C G T A G A C A C A A A C A A T T T T C G A G A A G C
A G A G A A C C G A A A G C G T G T T C A C G T A C C A G T C A C C G G C A C A C T C G G C A C A C A G T C C C G A G A
G T C G G A C A C G C C C C G T C C C G C T C A C T G C G C T G C C G C A C C T T C A C G G T T G G C G G G G C C A T G
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T C C C C N C C G C A G T A C C G T G A T G C C G G C T T G C T C G G T T G C C C G C T T C G C G C G C G G G G C T C C
C C A T C C G C C C A A T G C C G A C G G C C G C C T G G T G C G C C G T C G C G T G C G C G C T G C G G C A C C C G G
G C A C C G C T C G T C C C G A A G C A C C C C C G G C G C T C C C G C A C A G C G C G G G C C A C C N T G G G G T C A
C C C C G C G C A G G G C G C C C C C G C C C G G A C G G C A G C C G C C C C G C T T T C C G G A G C C G C C C C A G T
C C C C C G G C C G C C T T C G C C C C C G G C C C G N C C T C G C C C C T G T C G T C G C G C C C C C C C C C G C C G
G T T C T T G T C G G T G C C G T C G C T C G G G C C G C C T C T G C C C G C C T C C C C C G C G C C C C C T C C T T C
C G C T G A G G C G C C G G C G C C C T G N G A C A T G G C G C T G T T G C G
Protein Sequence
M A V K L G V IIY V V L Q L IA F V F V M IG T G V D M F Y IK P E F IV V H K F C V T L W G G K S N C R K P Q IT L  
P L N V G W G D C P R IR D N F R A A E A F A IIS IF V Y G A A L L F G C L L L Y C C A C F R W L C L V L N IV G A V  
T A G F V W A L M V V T Y R IK E P N C Q P L S L A Y N F G T G F S L F V F A W A L D IF N IIF L M L P W Q L G Q S G  
K E A E E H A A V T K A A E Q
Parasites L.mex
Gene ID LmxM.36.3990
Gene name hslvu complex proteolytic subunit­
like,hslvu complex proteolytic 
subunit-like, threonine peptidase, 
Clan T (l), family TIB
Feature Trypanosomads only
Sequence length 226 aa
Molecular weight (MW) 24694 Da
Isoelectric Point (ISP) 6.12
Signal peptide No/0
DNA sequence
A T C G A T T C A C T A T A G G G G A T A T C A G A C T G G A T G G C A A A T A A T T A T T T T A T T T T G A C T G A T
A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A
C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T A C A A C A A C G A C A G A A T C A
C C G G C A G CG C C C A A A C A G A A G A A A A A CA C A A A G A A C A A G A A A A A G A TG G TG C G C A TA A A A
A TG C G A T T T T C A C G A A A G C G A G A T A C A C G A G G A A G C G G A G G T C G T G C A C T G G C T C G C G C T
A C A A T A C T G A A A A G C T G A T G G T G C T G C A A A G A A G G G A C G A C G C T G C A T G C C A A C C G C G G A
G A T C A G T C A C A T G C T T A C A C C T T C C C C T A T T C C T T G G C C T G C G C C T C A T T C T C T G C C T T C
T C T G C C T T T T C C G C C T T C T C C G C C T T C T C C G C C T C C T C C T T C T T T A C C G C T C C T T C C T C A
C G C G T C A A G A T C T C C A C A T C C C A G T T G C T G T T G C T G A A G A C A T C G A T G T C G G T C G C A A T T
C T C A T C G C C T T G C G C G C G A T G C G C T C T G C A T C A T A G C C G T C A A C G T C A A T A A G C G C A C G A
G C C G C C G C C T T G G C G T A C G T G C C A C C C G A G C C A A T G G C G A T G A T G C C G T C G G C C T C A G G G
G T G A T T A C G T T G C C C T G C C C G T C A A T C T C C A A C G T C T C C T C T T T G C T G C A C A C A A T G A G G
G A C G C C T C G A G G C G G C G G A G G G C A C G G T C C G T C C G C C A G T T C T T T G C C A G C T C A C C G C G G
C G C G A G A C G C C T G T C C C G G A A G T T C G T T C A G C T T G T T T T C C A G T T T T T C C A T C A A C G C A C
A A G C A T C G C C G T G C T G C G G C C A A G C A A T T C A A C G T G T C G T G A G C T G C C A G C T G C A G C C T A
C T T T C C C C A T A C C C T C N A G T C C C T A G T C A A G G G
Protein Sequence
M F R R L A T R S T S F V T G A A V Q A R H T T IL S V R K G N K V IL IG D R Q V T L G E R IV A K S S A C K L R K L  
N D N V V IG F A G S T A D A F A L M E K L E N K L N D F P E Q L S R A A V E L A K D W R T D R A L R R L E A S L IV C  
S K E E T L E ID G Q G N V IT P E A D G IIA IG S G G T Y A K A A A R A L ID V D G Y D A E R IA R K A M R IA T D  




Gene name DNA ligase I, putative
Feature Trypanosomads only
Sequence length 767 aa
Molecular weight (MW) 85023 Da
Isoelectric Point (ISP) 6.08
Signal peptide no
DNA sequence
T N A T A A T C G A T C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C
T G A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T
T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T G T G T G T G T G T G T
A T G C G T A A A A G A G A G G G T G A G A A G G T G C A G T G A T G A A C T T A T T C A C C G C G G C C C T C T C T A
G G G TG C C T C C A A C T T G A C G C C C A C G C G C T A C A T G T G C G C T G C A A G A A A A G T A A A G A A G A A
A A A A G G T A A A T G T G G C C A A G A A C G C C G C T T G C A A C G A G C G A G A A A C G T T A G C G G C A A C G A
G C G G T C G C G A G A T G T G C C A G C G C G T T T C G T T T A G C G G G A C A G C T C A C T C G G C G T C C C C G T
T C G C G T C G G G C T G C G C A G C C G A G G A C T G C G C C T T G T A C A T G T C C G C C A C C T G C T G T G C A C
T T G T G G C G T C T G C G G G T T T C T T G T C C T C G C G C T G G C G C A G G T A G C G A G G A A A G C G C A G T G
C G A T A C C T T T G T T G G G G T C C A C G A G C C C C A C G G C T G C C T G A T G A A C T G G C G A C A C T G A C A
A G T C C G C C G C C T T C A C C T C C C A C A C C T G C G C C T C G G T G A G C C A A A C A T C C G G C T C C T C T C
C C C G G C A C G G T A G T A G C G C G G C T T G T C G T C C A C C A C G A A C G A C T T C A G G G A C T G C G T G A G
C T C C T C C A G C N C T C C G T C C T G A A A G C G G G T G C C G A T T T T G C A G A T G C T C T G G T A C T C G T C
C G C C T C C G G G T C G T A C C A C G C A A C C A G G
Protein Sequence
M H Q T T F E R F V G R K A P A G G P S G P D A P R E E S K R A A T E A N R E D R R R P R E E E K V A G P Y V S S T P A  
S S S D S R L R T S W N E P T N A Y Y A Q H V A E Y K A L V T D V P P P T A T S M A K L L Q E S S F D P V T T F E A V W  
L P P R V P A T A P T A G A S E P V P F A A V V D V L A D IS A T G S R L E C L K Q L T F L L L A V IE R C P E D L V P  
V M Y L V IN K H A P Q H E G V E L G IG D A V L V K A V A E C C G M T E A R A K E E Y R Q S G D L A E IA Q M H K Q K  
Q S T L M K P K P L S A Q S V F K T Y K E IA M M S G R D V M R R R S D L IK G L L R D A Q G P E V N L IV R G L Q Q K  
M R IG L A E P S A L A A V G Y A F A L H F L G D A Q M H Q M D V V Q L Q T L L N T G A D S V T R IF Y E V P S L D V V  
L S A V L A N G F M T L V P G S S IA K R Y A K D L S IR P G L P V K P Q L A Y P T S S IT V IL D R L Q G K K F T S E  
Y K Y D G E R A Q IH Y D K E K G F Y IF S R N S E T H T G K Y P D V IS M L P K V F D P A E V D S F IL D S E V V A V  
H P E T G V L Q A F Q V L Q H R G R K N IA E E D V IIP V C V F V F D IL Y F N G E P Q L N K T L Q Q R R E L L W R C  
IH P L P A K L S F A T Y L D S D K V E D V Q T F L E R S IA D G C E G L M V K T L E E E A N Y T P A K R S H Y W L K L  
K K D Y M D G V T D T L D L V P IA A F Y G K G K R T G V F G G F L L A C Y D P K A D E Y Q S IC K IG T G F Q D E E L  
E K L T Q S L K S F V V D D K P R Y Y R A G G E E P D V W L T E A Q V W E V K A A D L S V S P V H Q A A V G L V D P N K  
G IA L R F P R Y L R Q R E D K K P A D A T S A Q Q V A D M Y K A Q S S A A Q P D A N G D A E
Parasites L.mex
Gene ID LmxM.25.0910
Gene name cyclophilin a
Feature Trypanosomads only
Sequence length 177 aa
Molecular weight (MW) 18794 Da
Isoelectric Point (ISP) 7.94
Signal peptide no
188
D N A  sequence
G T N T A A T C G T A C T C A C T A T A G G G G A T A T A C A G A C T G G A T G G C A A A T A T A T G A T T T T A T T T
T G A C T G A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A
A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T C T T C T T A T T T C G G G C A A A G A G A A A A A
A A A C A A A A A A A T G C G G C C C T T T T T G C C G T T G A T T C T C C C G G A A C C C C C C C C T T A T C C C C C
C C C C C C C C C C C C T A G A A C C C T C T C C C T C C C C C C C C C C A C C C C C T G G G C A A A A C C C T C G A C
A T G C C C C C C T T G C C C C C A C C T T G T T C G T T T T T T G C T T G G C G T A A T T C C G G A A A A A A A A T A
T T G T G T G C T T T T G G T G G T G C G C T T G T G T C T T T T T C T T G T C T C C C T T T T C T T T T G T T A A T C
T T T T A T T T T T T T C C G A T T T T T T T C G T C T T C T T T T T A A G A G A G C T G T G G T G G G T G G T G G T T
G G T T A C T T T T T T T T T C T G G G A G T C C T T G A A G G C T A A A A A G C A A A G G G G G G C C G G G A T G G G
G G A G G A C T T T C C C C C C G A T T T C C C C C T G T G G A A A T T T T T G A A A C G C G T C C C G C C T T T T C C
C C C T C C C C T C C T G C T T T T T T T T T T T T C C G C C C T T A C C C C C G T T G C C C C G G C G G C T C G G T C
C C C N G C G T T T G A A C C C C G G T T T T G G C G G A A A G G C C G G T C C C C G T T A T T G T T C T G G G T G C C
T T T T T C C T T T T T T T C T A C T C C C C C C T G T T G C G A G G G T T T C C C C C C T T T T T C T T G T C G C C G
T G G G G T T C C T C C C C C C T C C G G G T T T T C C C T T C T T T G G T G T G G A G C G C C T C C C T C C C C T T G
T T G T G T T T T T T T G T C T T T C C T C T T G T
Protein Sequence
M P Y K P Y Y P V V E S N P K V W M D IE IG G K S A G R V T M E L F A D A V P Q T A E N F R V L C T G E K G F G Y S N
S P F H R V IP D F M C Q G G D F T A G N G T G G K S IY G S K F A D E S F V G K A G K H F G P G T L S M A N A G P N T
N G S Q F F L C T A P T S W L D G K H V V F G Q V L E G Y D V V K A M E A V G S R S G V T S K P V R V S A C G Q L
Parasites L.mex
Gene ID LmxM.23.1020
Gene name hypothetical protein, conserved
Feature Leishmania only
Sequence length 117 aa
Molecular weight (MW) 12507 Da
Isoelectric Point (ISP) 3.8
Signal peptide No
DNA sequence
C T A T A G G G G A T A T C A G A C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T
T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T
G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C G C G C T C A T T T A C G C A G C C A A G A C G C C G
C C G T C T A T T A G G A A G C A C T G C C C G T C C G C T C C T C T G C A C A C A C T T G G C C C T C G T T G T T G T
T T G C G A T T T C T G G T C T T G A C A T T T T C C G T A G G C T C A G G C T C G A C G G T G A C G C A T T T C G C T
T G T C T T G C A T G T C G C T C A C T T C C C G C T A G A C A T C A T G T C C C G T C A G C G C C C C T C C C C C C T
C T C T C C T C C T C T G A G C C G A G T C C T C C G G G T C T C T T T T G T T T T C G C C C G C G A C G A C C T C C G
G A A G T G C A T A C A G G C A T G T C A T T C T T C A G A C C T C C T C A T G A C A A A G G C G C G T G T C G G T C A
T C A T G C G C G A C A G G A A G C A A A A G C T C G T C A A C T G A G T G G C T G A A A A A A G T G T G T A G G C G C
A G A C G T G G T G A G C T T T T T C T T T T C C T C T C C G T G T C C G T C C A C T G T G C C G T A A A G C A T G A G
G T G A T A C T T C C C A C T C G A C C T T T C G G G C T G T C C C A A T C C C C C C T C C C C T C N T C G C G T G G T
G C G A A G T G G C G G T A C G C C C G C G C T A C G G C A G T G C G C C G A C T C C G C A T A T G C G A G C C C G G G
C A C T G C C T C A T A C T C G C C C C C C T G C C C T C C C G G G T C G C C T C C C C G T C G C T G T C T T C G T G C
C G G G T G C C C C C C C T G G A G C T T T C C T C C G A A T G C C C C G G C T C C C C G C C C C C G G A A T G C A A C
G C C G G C T T G G A T T G C T C G G T C G C G C A C G C T C C C C T G C T T G T G G T C G A C C C G G C C G T C C C G
G T C C C G A G C C C C C C G T C G G G A C A A A C G
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Protein  Sequence
M G S FC A K PD A V P K D N A H E G E K N Y E A G G E K S F N D A N V E A K S P H Q Q C D K D D A A K D V E E T D D A
A K D V EA A D D A A K D V E A A D G E A K C A E A V D M E E K Q E A FE V D PK N E L N D V E G Q A G E T Q D E
Parasites L.mex
Gene ID LmxM.32.0792
Gene name beta tubulin
Feature Trypanosomads only
Sequencing length 443 aa
Molecular weight (MW) 49725 Da
Isoelectric Point (ISP) 4.45
Signal peptide No
DNA sequence
T T A T C G A T C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T
A G T G A C C T G T T C G T T G C A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C
A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C G C T T C G C C A G G A G A C A T C
G A G A A C A A A TT TG A CA T G G T A G A A A A G A A T A G A A A G G C G C C G G C G T G T T G T G C C G G A G G G
G G A T G C T C A C T C G C T C C G A C A C G C C C C A C G T G A C G C C C G C C T C C C T C C A T C C C C C G C C T C
T C C A G A C T C G C C C A G T G A C T C C A C T C T T C G G C A A A C A G G T G T G C T G C A C G C G C G G C G C G A
C A CC TA G G C G A A C G C A CA A A G G G G G T G TG G A G CA A G TG G T G C G A G G A G G T C A C A G G G G A G
G C G G A G G A G G G A G A A G A C G A A A G C G CG C G CG C A A G CG A G TG T CG C TG C A C C G G G G C A C T G
T G C C A G C C T G C C C A A C T T T T T G T A C A A A G T T G G C A T T A T A A A A A A G C A T N G C T C A T C A A T
T T G T T G C A C G A A C A G G T C A C T A T C A G T C A A A T A A A T C A T A T T T G G G G C C A A C C G A T A T A N
G C T C N G A T N A T N T G G A C T G G C A G T T
Protein Sequence
M R E IV S C Q A G Q C G N Q IG S K F W E V IA D E H G V D P T G S Y Q G D S D L Q L E R IN V Y F D E S A G G R Y V
P R A V L M D L E P G T M D S V R A G P Y G Q L F R P D N F IF G Q S G A G N N W A K G H Y T E G A E L ID S V L D V C
R K E A E S C D C L Q G F Q L S H S L G G G T G S G M G T L L IS K L R E E Y P D R IM M T F S V IP S P R V S D T V V
E P Y N T T L S V H Q L V E N S D E S M C ID N E A L Y D IC F R T L K L T T P T F G D L N H L V A A V M S G V T C C L
R F P G Q L N S D L R K L A V N L V P F P R L H F F M M G F A P L T S R G S Q Q Y R G L S V A E L T Q Q M F D A K N M M
Q A A D P R H G R Y L T A S A L F R G R M S T K E V D E Q M L N V Q N K N S S Y F IE W IP N N IK S S IC D IP P K G
L K M S V T F IG N N T C IQ E M F R R V G E Q F T G M F R R K A F L H W Y T G E G M D E M E F T E A E S N M N D L V S
E Y Q Q Y Q D A T V E E E G E F D E E E E A Y
Parasites L.mex
Gene ID LmxM.36.3620
Gene name hypothetical protein, 
unknown function
Feature Trypanosomads only
Sequencing length 103 aa
Molecular weight (MW) 11807 Da




D N A  sequence
T A A T C G A C T A C T A T A G G G G A T A T A C G A C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T
A G T G A C A C T G T T C G T T G C A A C A A A T T G A T A A G A C A A T G C T T T C T T A T A A T G C C A A C T T T G
T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C A A T C T C G C G C C G A T A
C G G T A C C T T C A C C C A C T C T A C C C A C T C T T T C G C C C T C G A C C C A C A C A A A A C G A C A T A C A C
G C A T A C A T A G A C T T A T A G A G C C G T G C G G C T G T G T G T G T G T G T G T G C G T G T T T G T G T C G C C
G TT TC C A G G C G A G A C A C A TA C A C G G TG A A A A G G A A A G A G A G A A G A A A G G CG G A G A A G A C A
C A A G C A T C G C A C A A G G A G A A A A A TA A A C A A G C A C A C G C G C A T G C A T A C A C A C A C A G A C A C
A CACA G A CAG A CG CA A G A CA CA CA CA CG CA ACG A A A A AA A G A A A A GA A A A A G G G AA G G A A
A A C A A G A C A A A A G T A C G C T A T C A C A T C G T A C G T G T A T A T A T A C N G A T G A T A G A A G C G A A A
A A A G A C G G A T C G G T G A T G C G C T T T G C G T A T G T G T G T G T G T G T G T G T G T G T C T C G C T C T T C
G G G G G G A G A A A A G C G T G T G A T C T G G T G G C C G C G G G T G T G G G T A G G T G C G T G T T T G G G T A A
C T G G G C G T G C G A A C C C G A A C G T T T C C C C T C C T G G C G T T T C C C T C T T T T C C T C C C T G C C C C
C TTTG G A A G C C G G A A G T TG G G G G G G G G A A CC G G G G G TTT TG G G G G G G A A G G G G G G G A A A G
GGGGGG
Protein Sequence
M Q Q S L IP G H N N N R H L T Y E E V E N N IG G L P V T D N R IQ D L F D S L D V D H S G A V S V E V V K R F Y M G
L E H Y G V D L S D K E L D E M V R K H A A T H E E S L N Y E E F A C F V L S L A Q W
Parasites L.mex
Gene ID LmxM.22.0420
Gene name 40S ribosomal protein SI5, 
putative
Feature Trypanosomads only
Sequencing length 152 aa
Molecular weight (MW) 17436 Da
Isoelectric Point (ISP) 10.8
Signal peptide No
DNA sequence
T N A T A A T C G A T C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C
T G A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T
T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C G T T C T G T T T T C G T
A G T C G T C G G A G T T T T G C G C G C G A G G G G G T G G G T G A A T G C C C C T C C C C C C T C C C A A C A C G C
A AGAAA A TCA G A A A A GA A A A A G A A AA A G G A A A CG G CCA G A CC GA G A A G G G GG G A G G G CA G
G A G C A T C T G A A G A G A G A C T C G T G C C A T C A C G C A G G T C G A C T G T T G C C T C T C G C C T G C G T G
C CC G C G A C T C C C T C A C C C C G C A C G G A A G A T G A A G A C G A C G A G C G C A A G A G G C G G C G G C G A
G G G CA A G G C A G A A A G A G A TG A A G G C A G A G TTC C C CG A C A A A G A G A G A G A G C G A CG C TT TC
C T G C G T G C A C A C C G T T C T C A C C C T C A C G C G A C C A T T C A A A A G C T T C A T C C T C G C C G C C C T
C C C C T T C A T A A C C C G T T C A C G T A C A C A G A G A G C G C C T A C T T G A T C G G G A T G A A G C G G G A G
G A G T G C G T G G C A C C C A C A C C A G G G C G A C C G T G C A G C A C C G G G C G G T A G C T C A T C G A G A A C
T C G C C A A G G T A G T G G C C G A T C A T C C T C A C C C C T T G A A T C T C C A C A G C C G T T T G A A A C T G G
G G T G G C C C G T T G G T T A G A A T C G C C C A C C C A C G G G G A C C C C C C A C C C A T T C T T C C C G G G C G
T T G A A T C A C C A A C G G T T C G C C G C C A N G G T G C G T T T T T G A A C A G C C C T T C G G G C T T T T C G C
C A A A C A TC A A C A T A C A T A A A A C A A A A A A G C A A G C C C TA A G G A A C A C G G G C G G C G G G C G G T
C C C T T G G C G G T A T G T T G C C G G C C C C C
Protein Sequence
M A S N IT A E R Y E Q L K K E R T F H K F T Y R G L E ID P L L A L S E E E F K A L V H A R A R R N M N R H A D R R P  
P V L L K R L R E A K K H V K V G E K P K A V K T H L R D V V IT P E M V G S V V A IY N G H Q F N A V E IK G E M IG
191
H Y L G E F S M S Y R P V L H G R P G V G A T H S S R F IP IK
Parasites L.mex
Gene ID LmxM.03.0440
Gene name 60S acidic ribosomal 
protein P2, putative
Feature Trypanosomads only
Sequencing length 110 aa
Molecular weight (MW) 11034 Da
Isoelectric Point (ISP) 4
Signal peptide No/3
DNA sequence
T T A T C A T C T C C T A T A G G G G A T T C A G C T G G A T G G C A A T A T G A T T T A T T T T G A C T G A T A G T G
A C C T G T T C G T T G C A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A
A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G G G G C G C G C A G A G G A A G G G G A A A
C G C G C G C G T A A A T A A A A T C G A A A A A G A A A A G A G A G TA A C G A C A C A C G C A C A C A C A C A C A C
A C A C A C A C A C A C G C A T G C A G G C A G G C A G C G C T C G C A C G C A T G C C C G G G T G T C G C A G A G C A
T G C G G C G G A C A A C C A T G T G C T C G C C T A T G T C A G T C A T C A C G C G T C G A T C G A C T T A G T C G A
A C A G A C C G A A G C C C A T G T C G T C G T C G C C C T C C T C C T C G G G C T C G T C C T T C T T G T C C T C C A
C CT TG C C G C C G G C C G C T G C A G C G G A G G C A G C G C C G G C C G C C G G A G A C G G G G C G G A C G T G G
C C G T C G G G G C C T G T G C G G C G G C G G C C G C C A T C A G A G T C T C C A C A G A C T T C T T C T C C A G G A
A G C G G G C A A A G A T A A T G G G C A G G G T G G G G C G C A T C T C C A C G C C G G C G G C C T T C A C C G C C G
C G G C G A T G T T C T C G G C C G A G T G G G C A G C C G G C G T C G C T C A G C A T G A G C C G C G T A C T G C A C
C C A G G T T C A G C G A C T G T G A T G A T G A C A G T G C C T A A G A G C A C T T T G T A C A G T G C A T A T A A A
A C T G T C T A T G T C A C A C G T C A T C A T A A T A T T T G G C A C A
Protein Sequence
M S A E T L A C T Y A A L M L S D A G L P T S A E N IA A A V K A A G V E M R P T L P IIF A R F L E K K S V E T L M A  
A A A A Q A P T A T S A P S P A A G A A S A A A A G G K V E D K K D E P E E E G D D D M G F G L F D
Parasites L.mex
Gene ID LmxM.30.2270
Gene name Hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 462 aa
Molecular weight (MW) 48784 Da




C T A T A G G G G A T A T C A G A C T G G A T G G A C A A A T A A T G A T A T T T A T A T T T G A A C T G A T A G T G A
C C T G T A A A C G T A A G A C A A C A A A T A T G A T A A G A C A A T G C T T T C T T A T A A T G A C C A A C T T T G
T A C A A G A A A G T T A G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C G T G C A T G G T A T G C T
T C C A C A T G A C A A G T G G T G G T G G T G G T G A T C A C C T T T G A G A C G A G A G C A A A C A C G A G T T G C
T T G A A T G A A A A C T A T T A A G A C G T C G C T G G C C T G C T T C C C G T T T C C G T T T C G C G T C C C C A C
192
G T C A C C A T T A C A A C A G C G A G C T C G T C G A C A G A T G T G C A C G C T A T A C A A C A C A C A A C C A A C
A A G C G C A A C G A G G A T G A C C A T C C C G A T A A G A C A A C A C N C G G G G C G G G G C A A C C C C T G G A A
G C C C C C C T C C T A A G G G G A A C G A A A G C C C C G A A C C T G G C C C C C T A C G G A A A C A C G G G G G G G
C C T T T G C C G T T C G A C A C G G G G C T C T T C T T G C C C T C C C T C G C T C C T C C C T C G C T T G C G T G C
T G C G T C T C C C G C G A A T A G G C G G G C C T G G G N G C A C T G C A C T T C T G G A T C C C A A A G C G G G C C
G C G T C C A G G G T C C T G G T C G A G G G C G G A G G C A C C G G T G T C C G C C G T G C G G C T A G T G G A G G G
G G T G G C C T A G G C A C T T G C C G C T T G G G C T C G G G G A A T G A G T T G G G C C G C C G C A G G C C C G G A
C C A T C T G G A G A C C C T G T G C T C C G C C T G C G T G T G C C T T G C C G T A T T T C G G T G T G G A G G C C C
T C C C C T T G G G T G C C C G G G G G A A T C G A T G C T G C C T T T C G G G G C C C C C T C C C C T G C T G C G G C
T T C T G T G C C C C G C C G T C C C C G G G T T G G T G C G G G G G T G C G C N G C C C G C G C C C T G C C G G G G G
T T C T G T T G G T T T G T T T C T C G G C C T T G T T C G G T G N G G C C C T G C C C C G T C C G G C C C C C G G C
Protein Sequence
M S S D S G V N A A L L N L C A Q L Q G G D A R P V A N E G P S A P N H A E V S G E T A E Q A S P S A A A C A T A L A A  
T P A A A A Q G P A R P A S D Y E W L R N A L V S V E S P E K R V K Q L L V H M E N Q T T E G K P G P L V Q E E R L E A  
L A E L A D M V E D V N W A A E F A L M Q G P K R L L D V M R R E R A A H P L L A T G S R D A S A S V E A A D T T G T G  
D R E A Q T A T H D G IS S S A V P L F T E L A M IV A H S A Q L N A P V Q A A Y E A A H W E D IIL P F M G D C IA A  
V Q H L L H L G S D G Q V G S A H G D S T E A A T V A A G A A S L M R L L G A L L H A C S C L C R D C S P N T V S F F Q  
A S G L A V IV E A L R L T R A L P E S IV V G T A E D G R T P A V V T S IA N D A A S D Q E V D D IY A P L L G T T H  
K V T A R A L F F V A Y L A S T S V S S E E IIQ L T C R H A E S R N S G E R V Q K S A A R A L T A L V E K S P K A IK  
E A V H T L M P H R L H E W R T Q V R R A V G D R E T Q D E R L H F L D A L D R IS
Parasites L.mex
Gene ID LmxM.36.1430
Gene name translation elongation 
factor 1 -beta, putative
Feature Trypanosmads only
Sequencing length 208 aa
Molecular weight (MW) 22954 Da
Isoelectric Point (ISP) 4.49
Signal peptide No
DNA sequence
C T A T A G G G G A T T C G A C G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A A C C T G T T C
G T T G C A C A A T T G A T A A G C A T G C T T T C T T A A T A A T G C C A C T T T G T A C A G A A A G T T G G G T G A
A T T C T T T T T T T T T T T T T T T T T T T T T T C G C C C T G C T G A G T C T T G A G C G G C T T C T C T G C C T T
T T T C T T T C C T T T G A G G T G A G G G T C C G G A G A G C T C T C G A C C G T G C G G A G G A C G A C G G G A A A
G G A A G C T T T A T G C C C G G T G T A T A T C C G C C G A A C G T G C T A G C C C A G C T T G G G C C G T C G G C T
G C G G G A C G A A C C C G C G G G G C C G A C C A G A G C G A C G T G C G G G T G C T T A G A G T G G A N G A T C N T
T T G G G C G A N G G C A C T T C G T C C G T T C T C T T C G T G A G A C G C G C T G T C T G T C G C T G T G C C C C C
T G C C G C G A C G A C C C A C N C N C N C G G C N C T T C C T G G C T C C T C G G T T G T G C C C C G T C G C C C T T
G T G C G C C C T C G A G T G T T G C C G G N G G C G C C C T C T G A G A C G A C G C C G C T C T G G C G T G C C G A C
N C G C T G G T G G G G C N C C T G C G C T C C C T C G C T G C C T C C C C T T C C G T T T T C G G G C T T C C C T T G
T G G T T T C T C C C A C C T T T T T G G T C C A T G G T T G G C T T N T T G C A A G C T T G C C T C A T T G T G C C C
G N C G T C C T T C G T C T T N T C T T G G G C C C G G C T G C T G C G T G C T T C C C T T G C G G A A T C T C T C T C
C G G T G N G C G C T T C C A G C T G G T G C T T T G T G G C C C T G T G C T A
Protein Sequence
M S T L K E V N G R L N A Q P F V A G F S P S S E D A R IF S E M F G N H P N V IQ W V A R M A S Y Y Q A E R D E M L N  
A G S E K K A T E P A K A T A P A P A A A A E D D D D ID L F G E T T E E E K A A L E A K K A K D A E K K K A K K E V I 
A K S S IL F D V K A W D D T ID L G A L A K K L H A IQ R D G L IW G D H K L V P V A F G V K K L Q Q L IV IE D D K  




Gene name hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 196 aa
Molecular weight (MW) 22358 Da




G T N A T A T C G T A C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A
C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T
G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T C T T C A C G C T G T C A A T G A G C T T T C G A G A C A A G A T A G A G G A
C T T C T T G C C A C T T T A C C G G T G A G C A T A T A C A G A A A A A C C T T T A G T G A T C G C C T T T T C C A A T G C C G C G C A
T A A C G C C A C A T T C T A T A T G T A T A T T A T A T A T A T A T A T A A T T T T T T C T C T T C G A T C A T G C A C A T G T C G A C
A C A C T A G C A C A A C A A G A G A G C T T T T T T G A C A C C G A T C C C T T C A C A A A T T T C T C A C T T C T T C G T C G T G G C
T T T C A C A G C A T C A T C A A A C C A C G G G T A A T C C T T C G A C A C C T C C G C C A A A T C C T C G C T C G T A A T C T C C G T
C T C C T T G T C G A G G C C C A T G A C C T C G T G G A T G A T G C C G T T G T C G T C C T T G C C G C G G A G C T T G C A G C C G A G
C C C G A T A C A C A T A A A G T C G A G C A G T C C C T G T A T G C C A A A C T G C T C A G C T G C C G T C A T T G T C A G G A G G T A
A T G C T T C T G G T T C A G A G G C G A G C A A A G A C G C T G G T T G A A G A A G T C A T T A T T C C A C T T G T C T G T C A C A A C
G T A A G A G A A A T C A C G G T A A T G C A T G G G C G G G T C A G C T G G C T A G C A G C A T G G C A T C T A C A C C G T A G T T G G
A C G C C T A G C T A A T A G A A T G C T C A G G A C T G C G G C T G G G T A T C C A A C C T T G G G A T C C T C C C C C A C C T T C C C
A T G T A C G G G C C T G T T G T G T T A T T T T G A C C C C A A T T A C T C C T C T C C A T G C C A A T T T A T G T C C G C T A T T C A
C A C A T A G A T C A A C T C C A T C T A T T T C A T A A C C C C C C C C C G T G A G A A T T G N T A A A A G A T A C C C A C T C C T C T
C C G
Protein Sequence
M A D E G S M D IR L V L K G P N G E F K V D R D L Y IIV H C D D G K Y IE V S K N Y T K Q C P F IE E V E G E IP E  
F G Y P A A V L E H L IR W A V H Y G V D G H A A S Q L T R P C IY R D F S Y V V T D K W D N D F F N Q R L C S P L N Q  
K H Y L L T M T A A E Q F G M Q G L L D F M C IG L G C K L R G K D D N G IIH E V M G L D K E T E IT S E D L A E V S  
K D Y PW FD D A V K A T T K K
Parasites L.mex
G ene ID LmxM.31.2500
Gene name hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 162 aa
Molecular weight (MW) 19266 Da




T N T A T C T A C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A T A T A T G A T T T T A T T T T G A C T G A T A G T G A C C T
G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A
T T C T T T T T T T T T T T T T T T T T T T T T T G T C T C T G T T G C C C A C A T A A A A C G A A T G C G C A T T C A G G C A A A C C A
G C C A C A T A C T T G T G T T T G T C G G T T G C G G T C C C C A G T C T C A G C C C C G C G G C G G A T T G T G T G T A A G T C C A G
A G T C T C T C A C C G C A G C C C A G C C C T C G T G C C G T G G G A C A A G G A A A A G C A G C T A A G C A G A C C C C C A G C C C A
194
C C C G T G C G T G C G T G C G T G C G T G C G T G C G A G A G A G T G A C T G A G T G G G A C A G A G A A A G A C G A G T C A A A A A A
A A G G C A C G A C A A A G A C G C G C A G A A G A C A C C G G C G C A G C C A A C C A G C G T A A G C G A G C T C G C T A T G C C T T C
G C A G C A C A A A C A C G G T G T G T C T C A C G A C A G C A A T G C G A A A A C T T G G C A G G C A C G C C C C C G A A A C A C G A G
C G TG A A C C T C C C A A A G C C G C A G C C G C A C C T C G A C T G A G A A G A G C C G T T G G C G A G A T G C A G C G A G G C A G C
C G C T C C T T C T C C C C T C T C C G C G G T G T T G A 'T G A T C C G T G C T C C C G C T C T G A G T T 'G C G T T C C C T G C G G G C C
T A G C G C C G G C G C C C T C C T C G A A G T A G T T G T T G T T G T A C T A T C G G C G N G C T G G T C A G G C G A G G C C C C C T C
C G C C A A C T T T T T G G T T C C A G T T G G C T T T T T T A A A A A G C T T T G C T C T T T A T T T G G T T G C C A C G A A C G G G T
T T T T T T T T T T T C A T T T A A T T T T T T T T T G G G G G G C C A G C T T T A A A A T G C G G G T T T T T T A C T T T T T G T G T T
G G G A A T T T T G T T T T G C T T T T C C C G A A A A T G T G C A G A A T G T A G C T T
Protein Sequence
M A G A P P V S F V H T V T R T L Q H D IR T F T H W D P A V N K L Q C A IR D A A Y L V ID L P R F F M Y S H S N Y G  
A M R R Y IR Q S R IN K G K IN P E D F K D V D T M V L R E S L IK Y A Q A K G P L Q K ID F R W F Y W M Y A V M II 








Sequencing length 440 aa
Molecular weight (MW ) 48261 Da




G A C C A G C T 'C T T A A A G A C T C G G A C C C C A A A T A A T G A T T T T A A T T T T G A C T G A T A G T G A C C T
G T T A C G T T A G C A A C A A A T T G A T G A G C A A T G C T T T T T T A T A A T G C C A A C T T T G T A C A A A A A
A G T T G G C T G T A C T T T A T T G T G G G C G T C T C T C A C A C A G C T C G A C A A T C G A A A G A A A G A A G A
G C A A G T C T C T T T G C G T C C T A T T C A A T T T T G T T T T C C G A G T T C G C G T T T T C G C G T T T A C G T
G T A T G T G T G T G T G T G C A G C C G G C A G C C T C T T T C T T C C G G A T C C G C A C G C G C C A A G T C G C T
T C G C G T A T C A C T C T T T C T T A C A A C A C C A C T T G C A T T G C A A G A G A G G C C C T C A T G T C G T G G
G C A G C A C T C G T G A A G A G T A T A G C A G C C G G A G G A G G C G A C C A A C T T C A C G G C G A A G C C A C G
A G T C A C C G T G T C C G C C G T C G A C C C A T C G C A G A A T G A T G C G G A A G A G G C A G C T G C A G A A C C
C G C A G C A C G A G A C G G C A G A G G T G A G G C T G C C G T C G T C C T C C G G A G G T C T T C T C A T C T T A G
A T G C C T T C G T T C G T C G T C G G G G G C T T G G A A C T T C T T T G T C T C C A C C G C C G A T G C G C T G G T
G A C G A C G C C G C T T G T G A T T G T C C A G A T C G A T G A T C G T G C A T C G C G G G A A C T G T G G A A G C G
G C T A C C G C T C C T A G T G A C G G T G C T T G A C C C C C C C C C G G G A G C C G T C G C G T C G T N G T T G C T
G T G G C G A A G C C C A C G G T A C T T T G T C T T 'G T C C C G C C C G T C T T C G C C T T G C G C C C C C C G C T G
G C T G T N T G G G G T G G T T G G T C C C C G C C A A C C G A T C G A C T C G C T C C T C C G G N T G G A C C G G G G
A C C C C G C G C C G G G T C C G G T T A T G C C G G G G G G A A
Protein Sequence
M S W A A L V K S IK P E E A T N F T A K P R V T V F A V D P S Q N D A E R Q L Q N P Q H E T A E V R L P S F S K G L L  
IL D A N A IIK G M D N F V S T A D A L V T T P Q V IV E IK D R A S R E L L E R L P H K V T V L D P T P E A V A A V  
V A C A E R T G D F G A M S R T D IR L G A L A L D C G K V G G F L G E P IE P R P P Q V N P G N A D K V Q V M T E E M  
G E D D S D D E R E K S E P A Q A Q S A S S G S M P G W G D W S N E A K G T D G E G G A G D A D E D D G E G E W IT P E  
N IQ D V Q S G T R R T G R A F E A G M A C V T S D Y A M Q N T L M H L G V P IV G T N G IH IR E L R L W M M R C T A  
C F T L V G D T T R Q F C P E C G S G D T L R R V N Y V V N D Q G E K K L Y IN F R K R IS T R G T IY N L  P K P R G G  
M R G T N R N L V L R E D Q L A H V IR G T T S S K V K A H Q V M Q N D D G A L A T  F G E A P K L K K K N L A D P R A Y  




Gene name hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 1401 aa
Molecular weight (MW) 148526 Da




T A A T C G T A C T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T
G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A
T T C T T T T T T T T T T T T T T T T T T T T T T G G T C A G C T G T G G T T G C T T C A G A C G A C T C A C T T C A C G T G T G C T C G
C C G G C C C C A TC C C T G A G A C T C T T C T C G G T G C G G T G C A G A G G T G A G A G G G A C G G G G T G G G T G C G A G G A G G
C CT TG A A A G G C G C G G A G A G A G C A A G A A T A G G T C T G C G T T G A A G G T G G T G G G T G G T T G G A C A G A A G A A C A
T A C A A C G G A G A C G G A G C G A G A C A G C A C C C T A T T C A C C C C C A T C A C C C A A A T G A T C A A C T C T A T G G T C A G
A G A C A T C C T C A T C A A C A C A C A C A C A C A G T C A C A C A C A G A G G C A A C A C A C C A T A A C A A G A A A C T G A A A G G
C A C A A C G G T G A G C A C A G G G A G G G A T G A G C C A C T A T A C A C A T A C C C G C G T C C G C A C G T G T G C A T A C A C C C
A T G A C C A T A T A T A T A T A T A T A T C C A T A T A C A T G G G T A T C G C T A T C T A T G T A T G T A T G C G C A T A C A C T C A
T C T C T C T C T C T A T A T A T A C C C T A G T G G C A T G T A G A G C T A C A T C A G G A A G A G C A C A C A C C C A G T C C C A C C
C A C C C N C A C N C C C C C C C C C C C C C C A C A G A G C A N G C G T G C A G A C A C A G C A C A C G A A A A G A T G T C C G C A C C
G C G C A T C G C C C C C G A C G A A G G A T G A T A C A A T C C C A A A G A C T C G T A A G G T A C A G T C A C C T T T T G G T C C A A
G T G G C T T T A T A A A A C C T T G C C T C T C T T T T G T G C A C G A A C G G G T T C T T T G T T A A A T A A T T T T T G G G G C C G
G C T C C A T A C T G C A T C A A T A
Protein Sequence
M A L S P T A Y IS P G C S A Q C Q Q C V S A K P D S F A F A S A Q S IS L Y R V S T A N V T IP T S T S N T P A Q A Q  
Q Q Q Q Q S L E T IA IT N Y P L V T L F G H G A N A A IG A F S Y N D D Y M A C L T P Q N K Q IL L W R L K D A E T L  
T A K K IT S T A L S D T F K R E G N P S T M C L A G R H H V L C G T N T G R L IS L N T N L D N A V P H S V A IP P S  
Q Q R G E A R Q S R S P L S P R N A Y S V P A A A A P L S S L N P S G T S N A A A A A V E S V E C IV A A T A R P E V V  
A C G T S D G T L C L L T L N A S T G L L V T A S L C P F P A K E K S D T V L D V N P L P V T S L A F E P T S A Q Y L V  
V G S Q D G A L A L C D M N K N S IV Q T F E V N K L P E K H IS S IA W IP G E A G A F Y T A S T D S P V L R K W T V  
S S K S V V G S V S IM M M H P T P Q Q R C S G A C G A A D A S N S A D A E H S S S R T G IR S V A C ID Q T R V V V G  
L T N G A V K V Y D V A Q Q R L E C D IV T G H T D A T L S C K L S K H D R D Q A A T G G V D G M IR V W N L R T L S Q  
Q Y S IP V G P V M V H S V D W S P N G K H L IA A L G S G E V V M Y S T S T N R E S W R T P V F S E L V Y R V C W A A  
G D S S L IA A T S R S G V A V L S S K D G K V V R R Y P A T R G A F Y G V D IE P T K S K M IA A G S H D H R IY V Y  
N L S S S S D R P V H V L A G H T D A V C D V A Y N P T A L N Y L L S G S Y D G T L R V W D L S S N D T H T IS V S S R  
A L K G H A D R V R S V A W C S L A P Y L V IS G S A D A S IR L W D IR N G V A IT T V R G H N A D V V A IS S H V D  
R P L T F L S A A R D S T L V A W N V A L L R Q V Y L D A A L G T L E S C IV A D P S S L M G V A A S N V T V S Q V A G  
A A V Q R L A K E L A E C A S R P A E R L Q K L V S F F E F P N G A A E V A E M A L C A V D P A A Y Q V A V A E G K T A  
A T G L V V P A R S L A E A A R A R A T Y T N E R A H G K S V N A A G P S Y K K Q R L L E A A D E F L R V G Q L E A Y C  
D L L V E A E E W D R A IA A S P A IS R A Y W R S V C Q K A A E A M E A T G D A R A V A Y Y IIG E H A H K A A Q L L  
T R L S E R H Y D A A T V V C Q T C P Q V A E D P Q Q Q Q A N E P P H N T T V D V N S V T A A T Q Q L Q R Q R A A V L K  
R Y A N P Q L F A A V L L A Y G H H D E A V N V L Q H C G D V V L A H L L V H T V P L R E Q A S ID T A F R L S M L Q S  
A R Q Q K W D T A L T C A T R Q S N P Y D A L A T V L A L F Q T A Q G K Q L V G K T T A P S L T P G N L S T L Q G V G E  
R L K T F Y E Q V R G E C G K L Q L P L D A A A IQ Q R H A H D G L A S Q N Q L A A M V L V A D P S S G P M T D G A IL  
Q S L S G F M E S L L A V A L K E ID G A T T P F Y L R Q A Y N V S A Y V S L P F E T P S K A G G N L S V S L S A S A V  
IS T M T P E H K R F L A L A F IV A A L M A V K V Y R F P K L L N S A F T K A R E L A A A S G S A S L S T IL T N T Q  
G A L G T Y S P H S K E V D C S S V G C T V P A L S S E G R Q IV S V L T G D P V C G A V Y V L E D G S S F IS K S E A
L A W M L C S H F S P L G S G A R L T A L
196
Sequencing length 5.48 aa
Molecular weight (MW) 60185 Da
Isoelectric Point (ISP) 5.55
Signal peptide No/3
Parasites L.mex
Gene ID LmxM. 13.0280
Gene name alpha tubulin
Feature Trypanosomads only
DNA sequence
G A T A A G A A T A G A T A A A A C G A A C G G C C A G T C T T A A G A C T C G G G C C C C A A A T A A T G A T T T T A
T T T T G A C T G A T A G T G A A C C T G T T C G T T G C A A C A A A T T G A T G A G C A A T G C T T T T T T A A T A A
T G C C A A C T T T G T A C A A G A A A G T T C G G A G C G C G C C G T G T G C A T G A T T G C C A A C T C G A A C C G
C G A T C G C T G A G G T G T T T G C C C G C A T C G A A C C A C T A G T T C G A T C T G A T G T A C A G C A A G C G C
G C G T T C G T G C A C T G G T A C G T G G G T G A G G G C A T G G A G G A G G G C G A G T T C T C C G A G G C G C G C
G A G G A T C T C G C T G C G C T G G A G A A G G A C T A C G A G G A G G T T G G C G C C G A A T C C G C C G A C G A C
G T G G G T G A G G A G G A C G T C G A G G A G T A C T A A G G T G C C C T C G T G C C C C T C G G T G A T G A T G T C
G G T G C A C G C G T G C G T G T G C T G C T G C G G A G C C G C T G C C N C C G C G A C T G T G T G T G T G T G C G C
G T G A C G A C C G G C T C G A G G G A G G A G G A G G A G C G C G C G T G T G C G T G C G A T G C G C C C C T C T C TCTTTTTTTTTTTCGCTCTCGTCGGCGTTTTTTTTTTTTGGGGGGGCGGCGGGGCGGGGTG
G C G G G G G C G G C C A C C C C T C T C C G G C G T N T T T C C G T T T C C G C A G A T A A A C T N C C T T A C C T C
G T G C C G T G C G T T N T G T C C T G C N C N T G C C A A C C C T C C N C C C C T T C C C C A A T G G A A G C T G T G
T
Protein Sequence
M G L M R T D T H V H A P P S S R S A A L L L L L L P C A G R L P R V S S P H L A L S L L S S P L P S P P L L A D T Q H  
A R C T H A H A H R N P R S S S L S F F E Q T P L N R L L T P L P S F S A M R E A IC IH IG Q A G C Q V G N A C W E L  
F C L E H G IQ P D G S M P S D K C IG V E D D A F N T F F S E T G A G K H V P R C IF L D L E P T V V D E V R T G T Y  
R Q L F N P E Q L V S G K E D A A N N Y A R G H Y T IG K E IV D L A L D R IR K L A D N C T G L Q G F M V F H A V G G  
G T G S G L G A L L L E R L S V D Y G K K S K L G Y T V Y P S P Q V S T A V V E P Y N C V L S T H S L L E H T D V A T M  
L D N E A IY D L T R R S L D IE R P S Y T N V N R L IG Q V V S S L T A S L R F D G A L N V D L T E F Q T N L V P Y P  
R IH F V L T S Y A P V V S A E K A Y H E Q L S V A D IT N S V F E P A G M L T K C D P R H G K Y M S C C L M Y R G D V  
V P K D V N A A IA T IK T K R T IQ F V D W C P T G F K C G IN Y Q P P T V V P G G D L A K V Q R A V C M IA N S T A  
IA E V F A R ID H K F D L M Y S K R A F V H W Y V G E G M E E G E F S E A R E D L A A L E K D Y E E V G A E S A D D M  
G E E D V E E Y
Parasites L.mex
Gene ID LmxM.34.3780
Gene name 60S ribosomal protein 
L27A/L29, putative
Feature Trypanosomads only
Sequencing length 145 aa
Molecular weight (MW) 16070 Da
Isoelectric Point (ISP) 11.18
Signal peptide No
197
D N A  sequence
T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C
T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A
G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C C G T G C G T G C T G T T T T G G T T G T C T G
T T G C A A A A A C C A C C G C C T C T C T C A G T G A G C A C C T C A C G C G C T A A C T T T C A C G C A C T C C C T
T C T T T T T C G C G T G C C C C C T C C C T G C C T C A G T C C C T C C T A C C C C T T A C C C G C A C A C T C A T T
G T G G C A C A A G A C C G T C A C T G C G A G A G G G C G T G C T G G C G C G A C A A A A A G G A A T G G G A T G T G
C C C C G G T T C T C C G T C A C C G T C T C C A C G G A A G A C C T T G C G G G G T T T T C T T T G G T G A A T C T A
C C T C A G G C A T T C A C A C G C C G A A A A G A G A G G G A C A G A C G G C A G A G G A A G A G A G A A C A C A C G
A G T A A G C A G C C C C A G A G A G G G G G T G A G G A C G C A A C C A A G C A A A A G T C A G A G G A A G C A A A G
A A A G A A A A G A G A A A C A A C G C T C C T C C C C C T C G C A C T C A C G C C T G G A G C A C C A C A G C G C C G
C C G G C C T G G C G T A T C T T C T T G T C G G C C A G C T T T G C T C A C G T A G C G C G C C C T T C A C G A T G C
A C G G N A C C T G G A T G T G G G C C G T T G C C C A G C A G C T T T C G C G T A C C C C G C T C G A C T G C A G G G
T T C A C C A C C A G G G C A A A G T T T C C C G C C C C C T T C G T T C G C C C T T T C G C C C C G N C C G C C C T C
C C G C C A G C C A A A T T C A G G G G C C C C G A
Protein Sequence
M P T R F K K C R H Q R G S T F C G Y G R V G K H R K H E S G R G N A G G M H H H R IN F D K Y H P G Y F G K L G M D H
Y H R K K N P M W K P T IN L N N L S R L IA A E A A A K A T K G G T L P V V D L Q S S G Y A K L L G N G H IQ V P C I
V K A R Y V S K L A D K K IR K A G G A V V L Q A
Parasites L.mex
Gene ID LmxM.34.3180
Gene name hypothetical protein, conserved
Feature Leishmania only
Sequence length 192 aa
Molecular weight (MW) 21452 Da
Isoelectric Point (ISP) 4.02
Signal peptide No/1
DNA sequence
T G A T A A T C G A T C T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A
C T G A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T
T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T  G C T C G C C A T G A G T
G G C C G T G T A A A A T T A A G A G A G A A G C A C A G C G G A C C T G C G C A A G A A A G C G C G C A T G T G C A A
C A C A G C G C C A C C A C T A T C A T A C A T G T G C A G C T C C C T G A C A C G T G T G C A C A C A C G C A C A T G
C A T G C T C C T G C A G C A C A G C C G C A C G C G A A A A C G T A T C A G C A A G G C G G A T C A C A C A G A T A T
C G A T C C C T C T C A C G A T T A T C C T C T C C G C C A T G G G G A A C A A G A A A C G A G A G G C C T C C A C A G
C A G A C T C C A C G G G A T C C A G C T C T T G T T G G T G G T A C G A C A A A C G C A G A C C T G T G C T A G C A G
C A G T A A T A C G C A C A T T A C C A A C T C T A C T G C G C T G A T C A T C C G G A G G G G G A G G A G T G A G G A
G G G G G G G G G G G G G G
Protein Sequence
M R T P V L G A G V A P L E P V P V E A S S A S G E E G G E P G A G D K D T D R E R F S K M W M Y C L Q Q M Q G H E V G
M L M D M M P P D IQ E L Y S D K L S D E Y L R D E R D S M D K G V H A L R A A Q K M V E E L T P E Q L A H IE E F L V
E T D A L N P E A N R C H G K A H H P R G D D D N R E E E E D D G D D D G E D L F M H R D E G M G S D E E E W L L E Q M
IA A G D K T S A T A K
198
Sequencing length 451 aa
Molecular weight (MW) 49811 Da









G T T A G A A T G A T A A A A C A C G A C A G T G C T T A A G A C T C G G A C C C C A A A T A A T G A T T T T A T T T T
G A C T G A T A G T G A C C T G T T C G T T A G C A A C A A A T T G A T G A G C A A T G C T T T T T T A T A A T G C C A
A C T T T G T A C A A A A A A G T C G G C C G C C A T C G A A C T T C A G C T C T T C G T A C G C G T G C G A C A T T T
T G C G G C A T G G C A C C C A C C C C T G T C A T T C A C C C A T G C G A C A C G C A T C A C A T C A C G A C C A G C
A C C C C C G T C T C C A T C A C G G C A G C C T C G T A C G T G T T G C T G A A C G C C A A C G G C A G T G G C A C G
G A G CT TG A C G CG A TG A G C A CA G C G A G G A T TG A A G G G G C G C G G C TC C G G TG G G A CC G A CG A
C A G A G C C T T G T G G T G T C A T T T G T G T C G G G G G T G T T G T C G G G G T A C C A G T G C A T C A T T G A C
C C C A TC A C A G A G G A G G C G A C C C T C T C C A C A G A G T C T G C C G C G C G C G C C A C G A T C G T C G G C
G G T G T G G A G T C C A T C G T G T G T C G G C G T G C C G A C G C C C T A T A C T A C G C C G T C G A G C G C G T G
A A C T C G A C G C G G T G G C T G C C A T G T G A C G A G G C C T T C T A C C T C C C G G C T G G G C G G T G G T G T
G T G C G G G C C C G C G C C A C A C T G T A C T G C G A C C A C N G C C G C T T C G C G A T C G C G A T T G T C T T C
G C G G T G A G T A T G A T C T G A C C C G T G C T T A G G A T T T G G A T G G C G G G A G G A G G G G G A G C T G C C
T G G G A T C C T G C C C G C C G C C T C C T G A T G C T C C T G C G T T C T T T C C T C T T T C T T G A C C C T G G C
G T T G T G C T T C C T C G G T G G G T G T C C A C T G T C T T G C C C G C T G C C T C C T G T T C T G C T C T T G T G
C C G G A C G A C T G C T T N T G G T G T T C T T G A T G G C G G G G G G G A C C C C C C C T C C C G G G T T G N T T T
Protein Sequence
M Q D W Q IA V L V IV IV V F V G L A T P L IY L IY R F G S R R R R Y S S K R T N M T T S R Y A D S S C C A K Y G I 
L D A G D A F A Q L F R G D P R IH S S T H L L Y F V D F Q G E L H W IN F N K K P A A K ID T E S A IQ Q Y IF E T F  
H P IV E E D N R V V P L P P E M L A L S Y IN Y H Q T L V V L D L N R L L A R D A E F G A R M R H T A E R P L L L S R  
L V A D G A D R A V L T A L S R Y G H T A G D A F V P P V T Q T S G Q C P A L V T A S P L Q Q Y Q Q R IE V D L S T S R  
A N P M S T T P A V S T S L P N T H A P P P T V Q P P V A P P L L P P S N F S S S Y A C D IF G M A P T P V IH P C D T  
H H IT T S T P V S IT A A S Y V L L N A N G S G T E L D A M S T A R IE G A R L R W D R R Q S L V V S F V S G V L S G  
Y Q C IID P IT E E A T L S T E S A A R A T N V N G V E S IV C R R A D A L Y Y T V E R V N S T Q W L P F D K A F Y L  
P A G R W C V R A R A T L Y C D N S S K T IA K V F T V S M I
Sequencing length 95 aa
Molecular weight (MW) 10369 Da




Gene name hypothetical protein, conserved
Feature Leishmania only
199
D N A  sequence
G T T A G A T G T A A A A C A C G A C C G T A T T A A A A A C A C G G A C C C C A A A T A A T G A T T T T A T A T T G A
C T G A T A A G T G A C C T G T T A C G T T G C A C A A A T T G A T G A G C A T G C T T T T T A A T A A T G C C A C T T
T G T A A C A A A A G A G G T T G G G T T T C T G T A C T T T A T T G T C G C G A G T G A A A C T A G A C T C C G T C G
T G A A C G G A C C G C C A T C G T C G G A G A G A C T C T A G A C G T G C A G T G T C A A T A C C A C A T T A T A C C
C A C A C C G A C T C T C A T A T A C T T A T A T A T A T A T A T A C A C G C A G A A C G A C G G A A C G C C T C C G T
G C A C A C G T G C G C A G A G A G T G T T G C T C T G C T T C T T T T C A C A T A C T C C A C G C A C A C G C A C A C
C C G A A C G A G G A G G G A T G G A T C C G A C T T A G C T G T T T C A G G A C T T T G C C T G C T C T G T G C G G T
G C G A G A G C A T G A T G C G G T G G T G T T T G T C G C C T G T C C G G A G G G C G G C C G C T A C G G C G A T G T
G C G C A G G A C C T T G G C C G G T T T G C T G C A G C G T C C C T T C G G C T C G G T G C A C G T G G C C C C G C C
G G T C G G C G A C T T C G C C G T C C C C T T A G A T G A T G A T C G G T A G T C G A G T C G G C T G A G A A T G A G
T G A T C G T C C C T G C C C G C A T G T T A G A C G G C G A C G G A G G G G G G C G G G T G G G A G T T T G A G T G C
C C G C G C T C T C C G A G T G G A G C C C C C C G C G C G A G C G A G A G A N G C C C G A N T C C C C T C C C T C C C
G N T C G T C C C G C T G C C G T G C C T T T G A G C T C T T G T C G C N C T C G G A G G G G A G G C T A G C T T C C T
G T N T G C G T C T A C T G T T G T C T C T T G A G T G C C G T T C T T C C T T G C G C T G T C C C C C C C T T T C C T
T C C A C C G T G C T C G T C T C T T C G T C C C C T T T G T C G T C T C A T T G T C T
Protein Sequence
M D Q T K L F Q D F A C S V R C E S K N T V V F V A C P K G G R Y G D V R K T L A G L L Q R P F N S V H V A P P V G D F
A V P L D D D Q V V E S A E N E V I V P A R I L K A T E G G G W E F E
Parasites L.mex
Gene ID LmxM. 13.0560
Gene name 60S ribosomal protein L I8, 
putative
Feature Trypanosomads only
Sequencing length 198 aa
Molecular weight (MW ) 22107 Da
Isoelectric Point (ISP) 12.16
Signal peptide no
DNA sequence
T N A T A A T C G A T T C T C C T A T A G G G G A T A T C A A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G
A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T 'T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G
T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T T G G G C C G A T G C G T G A A C G A A G G G G C G A A A A A C A A A A C A
A A A C A A A A G T G A A A A G A G A A G A G A A A C G T C A C A G G G G A A A G A C A T C A C G G A G A G C G G C A C G C A C C T C C C
A C G G A A G G G A C G C G A G C G C G T G G A G G C T G G C G C G C A C G C C G T C G C A C A G C C A C G C C C A C A A T C T C G A A T
C A C C G C C A T C T T G C T T A G A C G T G G C G G A A G G C C T T G C G C T T G T A C G A G C G A C C C G T G C G G C G G C C G C G C
T T C G T C T C C T T G C C C C G G T T G G T C G C G T A A G G C T T C G A G T G G C T G C C G G G C A C G C C A G A G G C G C C G A A G
T G G C G C A C C G A C T C G C G G C C A G A C T T G C G A C C A C G C A G C A G G T A C G T G T T C T T G C C A G T C G G A G C A A T C
A T G G C G A G C T G G T C G A A G G T C A G G C A C T C A C C G C C G G C G G C G A C G A T G C T C T G G C G C G C G C T C T T G G A G
A A G C G C A G G G C G C A G A C G C G C A T C G C G G G G A T G C G G G C C A T G C G C A C A T C A T C C A G A A C G T C A C C G A C C
A C G A C G G C G A T C G G G G C G T C C T G T T C T T C G C G G T G A A G A C A G C C T G C C T T A T G A C G A C G G C A T G C G C T A
C C G A G A T C G G G C C C G T G C T G C G C T T G A T C G G C C T G T C C G A C T G T T A C C A A C C C T C C C T C A A G A C T T T C C
T G A C N A C T A A T T G G G T C N A A T C T T T G G A A T C C A A C T T G A T C N A C G T
Protein Sequence
M G V D L T G I S K K S R V I R H H T Y S T N P Y I K L L I K L Y K F L A K R T S S G F N K W Y Q R L I K S R S N R A
P IS L S R IA V V M K R K A V F T A K N R T A P I A V V V G D V L D D V R M A R I P A M R V C A L R F S K S A R Q S I
V A A G G E C L T F D Q L A M I A P T G K N T Y L L R G R K S G R E S V R H F G A S G V P G S H S K P Y A T N R G K E T




Gene name ribosomal protein L3, putative
Feature Trypanosomads only
Sequencing length 419 aa
Molecular weight (MW ) 47544 Da
Isoelectric Point (ISP) 11.69
Signal peptide No
DNA sequence
A A C T N T A A T C T A T C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G
A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G
T G A A T T C T A T T A T T T T T T T T T T T T T T T T T T T T T T T T T T G T G T A T G T G A C A A A T G A C A T T A C G G T T A T G A
A A A A CA A A A A C A A A A TA A G A T G C A T T C A T G C A G T G C A G C T T C A G C G C G A A A A A A A A A G A A A A G G T A G T C
A A G T G G C T C C G C C T C G C A G G A A G A G G C G G A C G C G C C T G C G A C C C T G G C A G A C A C G A A A A G G T C A C G C A G
A G A G G C A G A C G C C C A C A A C A A G A C G T G T C T T T T G C G C T G G C A T G C T T A C T T C T T C C T C C C T T C C A A C T T
T T T T G T A C A A A G T T G G C A T T A T A A A A A A A G C A T T G C T C A T C A A T T T G T T G C A A C G A A C A G G T T A C T A T T
A G T C A A A A T A A A A T C A T T A T T T G G G G C C C G A C C G G T T A T A C T G G C T C T A C T T G T G T T T G T C A T T G T A T G
T G A C T G G G A G A C T C C G T A G A C T N C G T T A C C N A G A G T G G G A A C T G C C G G C T C A T N C A A G G C T A T C G A G A T
G G G C C N T N T N T G T G T G T
Protein Sequence
M S H C K F E H P R H G H L G F L P R K R S R Q IR G R A R A F P K D D A T Q K P H L T S F M V F K A G M T H IV R D V
D R P G S K V N K K E V V E P V T IL E A P P M V IV G IV G Y R Q T P V G L K T IG T V W A H H T S V E F R R R Y Y K
N W K Q S A Q L A F S R Q K Q F A N T K E G R IA E A R T L N A F A K K A S V IR V IA H T Q L R K L R N H R V G V K K
A H V Q E IQ IN G G N V A A K IA L A K S L L E K E V R V D S V F Q Q S E A C D V C S V T K G H G T E G V V K R W G V
A C L P R K T H R G L R K V A C IG A W H P A R V M Y T V A R A G Q H G Y H H R T Q L N K K IY Q IG R S V A V E P N Q
A T T T Y D L T A K T IT P M G G F V G Y G T V R N D Y V M L K G S V S G P R R R V M T L R R P M A P Q T S R Q L K E K
IV L K F ID T S S K IG H G R F Q T K K E K S Q W F G P L K K D R IR R E E R L R K E R A A R A V E R K A K A A K K
Sequencing length 566 aa
Molecular weight (MW) 59566 Da





Gene name hypothetical protein, conserved
Feature Trypanosomads only
DNA sequence
G T N A T A A T C T T A C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G
A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G
T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T T G C A A G G A G G T A A T C A T C G G G A A A A T A G A G A T G G G A A A
C A G C T T C T A C G T G T A C A T C G G C A T C C T C G C C T T T C C G T C G T T T T T C G G A C T C C A T G T C A T C A T C A G T G C
G A C C C C A G G C C T C C C C C T C C A C C C A C T C C C A C T C C A C A G C C A T G G A A G C T G C G C C A G T G G C G A A C C C A G
C C A C A T A T A C G C A A C G G C A T G C A G A C A G A C G C A A G G G G G T G C T T C C T G G A A G G G C T G G G G T G A T G G C G A
C C C G A T G A C C A T C T T C C A T C A T A T T G C T G C G G A C A C G C A C G C A C G C A C T C C T C C C G C C C C A C G C C T C T G
201
T C T C T C T G T G T G T T G T G T G T G T G T G T G T G T G C G T G T G G G T G T C C G T G T A C C T C T C C C G T T G C G C A C G C T
C A T C G G C A A C C G A C G C G T T C C C C C G C A G G A G G G G A G G A G G G C G G G G A C G T G G C G T G A G A C C C C A T C C C C
C C C C C G C C T T G C C C G T T G C T G A T C T T T C C C T A A T G G C T G T A C A T C G A G G G G G G T C C G A G G A G G A T A C T T
C A T C T C C C G A C T C A G C A C C G A G C G C C G A G C C G C C G G T G C T C T C G T G T T C G A T C C G A C C C C T T T T C T A C C
G T G A C T C C G C G A T G A A A A A C T G C C C T T T C C G A C A T C C C C G C G G C
Protein Sequence
M T S P D A L D C L S G A A A T A A S H T T A N S V G F V P K M A N P P A H D T A N N C G L N D A A Y S P T V S P S Y N
T G A IP Q E Q S K M L A G M L A K L P E L D L G E M S R V K S C F S A V L G E G R E N IV N A L E L R V V L G E L G L
Y P S E A E L N L V L R A Y R D R V N L V T L T R Y L R L Y K K E F W IN H A A A A A G G A G A V R S A P L S A A P R S
H Q A F H V S H P M V A S R A G A F G V G G G M D E D T L K A F IA L G G G E D G S G E IL A S T L R D A IR G F G L T
ID ID S M IR T V D V H H S G V L G Y V D F C A L W L Q S T S T S F E P G E A G G A G V F M G E A L Q R E S A D N A G
P D T Y R R R S S H G S T M S D T R Q R L M S L L A T T P R L T S L S G G V L R R R S M T Q A P E Q A S T P S H A R H C
S P G G T H F F Q N T N S R T V T P A Y S P Q A G G A G N G H G F D G A M A C N S IL T P P P T P IT E E E H M L L V E
M Y L F P E K Y K T V R R A P R F A A D L G G G G G G G G S P V Y G A A G R E A A L H S S G S L H Q K R L S R P S A S G
S G S R G R G R S Q A R G L G N T S G G A D G G G A V A D F F P P R S S N V Y R P P S P M IL S L R N S T A Y R N R L K
R L E E Q K R E R K G W K P P A G A A T T Q Q Q Q Q
Parasites L.mex
Gene ID LmxM. 14.1270
Gene name ubiquitin/ribosomal protein 
S27a, putative
Feature Trypanosomads only
Sequencing length 152 aa
Molecular weight (MW) 16970 Da
Isoelectric Point (ISP) 10.24
Signal peptide no
DNA sequence
T T A T C G A T C G C A C T A T A G G G G A T A T C A G A C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G  
A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G  
T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C G G G T C G T T T T T C T C A  
T T T T  C G A A G AG A A A TA A A A CAA A ACAAAACGAAAAAAAGAAACGGAGAAAAT GAGC CC AC 
GCACA CA CA G A G A G A GA G A G A CGCA G A CA G G G G A A G TG G G GG G A G G G TA CA G AC CG CA A C 
G C G G C G A C A C A C A C A C A C A C G C T G C G G C A G C G C A C T T C T C A G G C A G G T G T G C G T C C G C T C  
A C C T G T T T G T T T G T T T G T T T T T G T A T G C G G C C G T C C T C C G T T T T G C C G C G T T G C C T T C T G  
T T A T C C T T G T C T T C G T C C C T C G C G T G T G G T T G C C C C G C A C A C T C T A C T T G C T C T C C G C C T  
T G T A G G T G A G G T G G C A C T T G C C G C A G T A C T G A C G G T C C T T G T G C T G G G C C A T G T A C A C G C  
C G G C G C C G C A C T G A G G G T G C G G G C A G T C C T G G C G C G T A C G C T C C A C C T T G T A G G A G C C G T  
C G T C G T T C T C T G T C A C C T T G A A G T A C T T G A G T G C G C G C A T C T T C T C C A G C T T G T G G C G G T  
G C G T C G G C T T C T T C G G C T T C G T G A A G A T G C G C T T C T T C T T C T T C T T G C C C T T A C C A C C C T  
C C A C C G G G A T G A C C A C G T C G A C G G T G G A C T C C T T G G A C C G A C C G T A A G C G G C G A G C G T C G  
C C T C N C G G C G A G G C A C A T G C C C G C G A A G A A G A G G T G C C C T G C G T C C G T G G G C T G A G C C T G  
A G G A G G C N C G T G T C T C G C G A C C G C C C G C C A C G A C G G C G C G G T T C G A C A A A T G C G C G T A A G  
C A T A G T C G C N T T T G T C G T G G C G A A T G T A C G
Protein Sequence
M Q IF V K N A A G R S V A V R V S A E D T V A F L K A Q A N V T Q G N L F F A G M C L A E E A T L A A Y G L S K E S T
V D V V IP V E G G K G K K K K K R IF T K P K K P T H R H K L E K M R A L K Y F K V T E N D D G S Y K V E R T R Q D C




Gene name Quinone oxidoreductase, 
putative
Feature Leishmania only
Sequence length 332 aa
Molecular weight (MW) 34494 Da
Isoelectric Point (ISP) 6.66
Signal peptide no
DNA sequence
A T A A T C G A T C T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C
C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G
A A T T C T T T T T T T T T T T T T T T T T T T T T T G C A C A G A C A C A C A C A C A C A C A C A T A C A C A C A G G C A C A C C T A G
C A C A C T C G C C T C T T C T C A G T C C A T G C A C G T C A A G A G C A G C T T G C C C G T T G T C T T G C G C G A C T G C A G G T C
C G T G A G C G C C T G T G G C G C T T C A T G C A A C G G G T A C T C A C G A C C G A T C G T C A G C T G C A C C T G C T T C G A C G C
C A C C C A C C C A A A C A C C T C G G A G G T G C G G C G C T G C G C T T C C T C G G G G G T G C G C A T G A A G T C G C C C A A C G T
C G G G C G C T G C A G G T A C A C G C T G C C C G C G C G C G A C A G C T C C A A T G G C G A A A C T G G C G G C A C C G C G C C G C T
C G C G T T G C C G A A T G T C A T C A T C A G G T C C T C G C G G G T A A A C A G C A C A C C G C G G T C C C A C C C A A C T T T T T T
G T A C A A A G T T G G C A T T A T A A A A A A G C A T T G C T C A T C A A T T T G T T G C A A C G A A C A G G T C A C T A T C A G T C A
A A A A T A A A A T C A T T A T T T G G G G C C C C G A G C T T A A T A C T G G C C G T C G T T T N T C A T C G T N T T G A C T G G G G A
A G A C T C C G T G C T A A C G T T A C C G C G A G A G T A G G A A C T G C C C G G C C T T A A T T T C C C C G A N G G
Protein Sequence
M E V IA T A H G G P E V L A V R P S S H T P D A T Q L E E G Q V L V R N A Y A G V N F ID T Y F L C G L Y K K P A M P
Y V V G E E G A G A V V K V G A G V P E S M L G K R V A Y F G G A G C T G S Y A A F T V A P A S A L R E V P D G V T D A
E A A A V M C Q G L T A H Y L V D S S Y P C G P G S T V V V H A A A G G T G L L V C Q M A K L R G A R V IG IC G G A E
K A T L A R S V G R A D V V ID Y V A T P D W A P L V R A A A P Q G V D A V Y D G V G Q A T F A G S L S V L R P R G Y M
IT F G N A S G A V P P V S P L E L S R A G S V Y L Q R P T L G D F M R T P E E A Q R R T S E V F G W V A S K Q V Q L T
IG R E Y P L H E A P Q A L T D L Q S R K T T G K L L L T C M D
Parasites L.mex
Gene ID LmxM.28.2560
Gene name 40S ribosomal protein S I7, 
putative
Feature Trypanosomads only
Sequence length 143 aa
Molecular weight (MW) 16409 Da
Isoelectric Point (ISP) 11.49
Signal peptide no
DNA sequence
T A T C G A C T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G
T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G T G A A T T
c t t t t t t t t t t t t t t t t t t t t t t g c g g t c a g a t c a a c g a a a c a a t g a a a a g g a a a t a a a a t t t a a a a a g
G A A A G G C A G C T A C G G C G TA G A A C G C C G G G G C G C G G A G G A G C A G A G G G G C G T C G G T A C A A A C A C G C G C G T
A T C G C C T G T G C A C C T A C T T G G A G C T C T T C T G C T G G C G G C G G C G C G G A G C C G C C T T C A C C T T C G G C G C G G
C G G C A T C G G C A C G C T T C A C G C G G C G C G G C A C A C C G A T C T C C A G G C G C T G C A G C A T C T G C A T C G T C T T C T
T G T C C C A C G C T C A C G C C A G A C T G G A T C G C C T T G T C C A C G T C G G A C G T C G C G G G G G C G T G G T C C A T G C G G
C G C T C G C G C T C C T C C T C C T G C A G C T T C A G C G A G A T G C C G C G C A C G G G G C C G C G C G C C A G G C G C T T C A T G
203
A T G T G A G T C G C G T A C C C A G C G A T C T T G T T C T T C A G C C T T C T T A G A C T C C G C T A T C C T C A C G T C C A T G A C
ijA C G C G C T T G T T C T G G T A G A A G T C A A A G T T C C G C T N C G A A G T G T A C T T C T C C C C C A C C T G G C C G G C C A A
C T T T T T T G T T C N A A G T T G G G C N T T T T A G A A A G G C C T T T G C C T C N T T T T T T T G T T T G C A A C G A A C
Protein sequence
M G K IR T K T V K R A S R Q V V E K Y Y S K L N F D F Y Q N K R V V M D V T IA E S K K L K N K IA G Y A T H IM K R
L A R G P V R G IS L K L Q E E E R E R R M D H A P A T S D V D K A IQ S G V S V D K K T M Q M L Q R L E IG V P R R V
K R A D A A A P K V K A A P R R R Q Q K S S K
Parasites L.mex
Gene ID LmxM.34.3780
Gene name 60S ribosomal protein L23, putative
Feature Trypanosomads only
Sequence length 145 aa
M olecular weight (MW ) 16070 Da
Isoelectric Point (ISP) 11.18
Signal peptide no
DNA sequence
T T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T
G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T
X T T T T T T T T T T T T T T T T T C T T T T T T G A C T T G A A G A G A A A C A A A A A G A A A G T T T G T G T T G C C C T G C G C C G
C G T G A T G C A C T G G A A C C G A G T A C C T C A T A C G C A G C G A G C T A C G G C A C G C G G A T T A G A C G A T G G C G G G G G
C G T G C G T G G A G A T C T T G G G C C A C A G G T C C G C A G A C T C C T T T G C C A C C G G G C C G G C A A T G C C G G A A C C C T
T C A T T T C A C C C T T G G G G T T C A C G A T C A C G C C A G C G T T G T C C T C G A A G T A G A T C A C C G T G C C A T C C T T G C
G G C G C C A G C T C T T G C G C T G A C G G A T G A T C A C A G C G T T C A G C A C C T T C T T G C G C A G C T C C G G C T T G C C C T
T C T T C A C A G A G C A C A T C A C C A T A T C G C C C A G G G C A G C A G A C G G C A G A C G G T T A A G A C G G C C G T G G T A G C
C C T T C A C G G A G A T G A C G T A C A G G T T C T T G G C A C C G G T G T T G T C C G C G C A G T T T A C C A C C G C G C C G A C G G
G C C C A A C T T T T T T T G T A C A A A G T G G G C A T A A T A A A A A A A G C A T T G C C T C A T C A A T T T G G T T G G C A A C G A
A A CA G G
Protein Sequence
M P T R F K K C R H Q R G ST FC G Y G R V G K H R K H E S G R G N A G G M H H H R IN FD K Y H PG Y FG K L G M D H
Y H R K K N P M W K P T IN L N N L S R L IA A E A A A K A T K G G T L P V V D L Q S S G Y A K L L G N G H IQ V P C I
V K A R Y V S K L A D K K IR K A G G A W L Q A
Sequence length 520aa
Molecular weight (M W ) 57286 Da





Gene name hypothetical protein, conserved
Feature Trypanosomads only
204
D N A  sequence
A C T A C C C C A T A A C T C A T A C A A T C C A C T C A G T G G G T A T N A C A C A C A T G T N C N A G N G C N T A C T G A G N T C A C
A C A A A A A T G A A T A C T T A T A C T T T G C A T C N G C A T C A G T A G C A C C N G C A T A A C T G A A A A G T C A A C A A A A G T
C A C A T A G N C A A A G A T C A A T A C A A T A A A T A A G C T C C A A A C A A A A G A C A A T C A A A N A A A A A A G C C C G T G G C
C G C T A A A A C T C C A A T T T T C C T C C C T C T T T T T T T T T T T T T C T T T T T T T C C C C C C C C C C C C C C A A A A A A A T
G C TC CC C C CA A TC A A A G A TA A A A C C A A A A C C C CC A A A A A A A A A A A A G C C A A A A A A G G C A C A A A A A A A A A
A A A C C C C C C G G C G C C C C C C C C C C C C A C A A C C C C C G G G T T C C A C A C C C G C C C C C C C C A C C C C C C A A A A T G
C T C T C C C C C C G G G C G G T T T G G T G T G T T T T C N T C C A T C A C C C A C C C C C C C C C C C C C C C C C C C C C A C C C C C
C C C C C A G A G A A C C C C C C C C C A C C C A C T C A C C A C C T C T G C C A G C G C C G
Protein Sequence
M T Q E T T P Q Q N G E P A G L S S R Q R A R K N R S G E N A A R V IR G L D L L S D S G E R R P N T G R L H C P P P H
N N F S S P R E F F A G P S H P P R L F T G IR R Y P N G N R D S V G A M L T D E Y F M T N Y D D S T IT G R N G G A L
R R G S S R S P M R G G S G A Y G S V A K R G E G A L R Q K K A H R R A N S IN G A T A Q F R C R D G L T N N C IV T A
P E A P W R C G V K IT H P Q G G M D A P Y F E D N D P R P P R N V P P V T G K R H V P P P Q K D A K M F G Q V P P P K
E G E D V F Q S S L P P C H K T S N K A N E S V D V L N L H Y Y T A D E L N E K P H P V K Q L G P R K C E S Q E L P P R
K P P V IK P IN T P A K Q E H D V L G T G R W G F P E K E H P R G L A R G L C R P P H D T A N L F Y G G M L L A D D N
A G S A R H Q E S V G S K P G S L S A R T D Q R H P R A M D S R R T R S P S G S V S A R T D S R Y P A Q G S R V A A H P
S R Q G E A H H G S S R S S S P K K R A D P V F D D N Y R P H R M V F K K N A G D P N IL H Y Y D P N ID S M P A A P P
R R P IP R S N M E S H L D D L N T P H T IG R A R G E F C K N S R S T IA L V
Sequence length 379 aa
Molecular weight (MW ) 39392 Da




Gene ID LmxM. 17.0810
Gene name Hypothetical protein, conserved
Feature Trypanosomands only
DNA sequence
A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A
A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T
tttttttttttttttcgttctttcgggcgtgtcaagtcaccgccgcatttaatgggtgcatgtcacagc
G TT CT C TG G G A G A G A C A C G A G A C A G A C A C A G A G A G A G A A A G G C T G C G G C A G A C A T C G A A C A C C A T A C A C
A C C G T A T G C C G C A T C A A A C A T G C A C A C C A C T G T G G T T A G C A A G A A G C A T A A G G T A A C C G C A C A A G C C G T
T C A G T T G A T C G G C C G A C C G A G G T G G A C T T G A C T A T C G T G T C G C G C C A C C A G G C C C A C G C A C G G T T G C C T
C T G C C T C A G C G C C A G A G G G G G A C G G T G A G G G G A A A A G G G A T G C T T A G A A C T C T C C T C T C C T A C T T T G T G
A G G T G T T G C G A G G C T G T G G C A G C T T C G T C T T C C C A C G C C T T C A G C G C T G C C A G C A C A T C C G C C G A C A C C
A C C G G C T C A A C G A C C A G T G G C A G A G G T G T T T C A T G T A A C G T C G G A C G C A G G T A C A T C C C G T T C A G C A C C
TG C A G G G C C C G C A C C G C G G C G G C G G C T G A G G T G A A C A C C A C C T C A A G C G T C T T C G T G T T T G G G C G G A T T
G C A G C C A C T G T G T C A C G C G A G A A G A T C A C C A G C G C G C G G C G T T G C G A G C A A G A C G G G A A A G G C T G A G C G
C T C T G A A T A C A G
Protein Sequence
m q q e l l l l t r r v a q l e s t a d g l h g k l n e v h r s i g e v v l g q r n t d m l v q q m e r r h l a g p a g
T H A A T G S G T G E G V A Q S T T A P L S D A C A S P S A S H D G G A S L A A A T H A A T T V A P G A F P S S A Q L A
E Q V A T L Q A R L D Q L T T N IF A A D R L G A IV D R M A A S G ID T E K V V A S V L P A E T P S S R S S L L Q Q L
Q R R Y A L G T FT D A A G V T R L S SQ V V R V H N V PL N M G A M E V R E L C V Q H V C K G K N A D E L V SC M V H
R R A N S IP A V A A V A G H A C H P V P E V V D S P T D A A P P R Y L S R K A A S K P S S P S L A S A D A A A L G D L
205
P R G D T V A A IR P N T K T L E V V F T S A A A A V R A L Q V L N G M Y L R P T L H E T P L P L V V E P V V S A D V L
A A L K A W E D E A A T A S Q H L T K
Parasites L.mex
Gene ID LmxM.34.0600
Gene name 60S ribosomal protein LI8a, 
putative
Feature Trypanosomands only
Sequence length 179 aa
Molecular weight (MW) 20779 Da
Isoelectric Point (ISP) 10.88
Signal peptide no
DNA sequence
C T A T A G G G G A T A T C A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A A C
A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T
T T T T T T T T T T T T T G G T T T G G C G T G T A A A A T G A C G G A A A C A A G C A C A A A A G A A A A A A G G A A A C A A A G G A A
C G A A A C A C G C G A A C A A T G A C G T C A C G C C A A A G T T C G A G A A C C T T C A C G G A G C A C A C G T C A A G C A G C G C G
G C A C G C C G T C C C C T T T A T C T G C C G T T G T C C G C C G C T T T T C C T T T T C T C G C T T T C C C G A T T C C C T T C C T T
C A C C G C T T G T C G C C G G C G G C C A G T G C C G A T G T T C C C C C G C C C G G C A A C A G C A A C A C A T G C G C G T A T G T G
TG T CG G C G G A G G T G G G G G C A A C G C C G C T G G A T C A C C A C C G C G A A C C A A C G C A A A G A C G T A A G C C A G C A G
G A TC C A G A G G G G G G A G G G A G G G G G G C G A G A A A A A C G A A A G G C G A G A G A A C A T C G G C A G TT G TG C A C C C A
C G C C A C C C G C A A A G A A C G A G A C A G C C G C C A C A A T C G T A C T T G G C A A G C A C C T G C C T G C A C C G A C G A C G A
CA CC G A C A C A C A A A C A C G C A C A C A C G A G A T C TG C A C C C C C TA C C A G C A G C C A G G A G A C A A G G G A A G A G G
G C A G A G G G A A T G G G C G T G C C C A C C T A C A C C C A C A A A T C A C A T A C G G A T A C A A T C C C A T A T A T A C G C A T G
T G T G T G C C C G T A C A C T C C C G T T C T C C C C C T C C T C C A C T G T T C T G C C T C A C T A A A T T C T C C C T C C G C C A C
C C C G C G C G C T T C G T G T T C T T C T G A C A A A G A T G C C G
Protein Sequence
M V K P H L R H Y Q V V G R E S P S E K N P E P T V Y K F E V F A P N F V V A K S R F W R M M R V K N K V K S T H G D V  
L S C N V V K D A K L V A R N Y L V D IA Y Y S Q R C G Y T R M V K E F R D V S K T G A V S Q A Y H D L A S R H R A R Y  
H N IE V L N V K S IP D H E V K H L S IA Q Y H A P N L S F P L L Q R R T K A A R K D R A IF V K K N T K R A V V A
Parasites L.mex
Gene ID LmxM. 13.0390
Gene name alpha tubulin
Feature Trypanosomads only
Sequencing length 548 aa
Molecular weight (MW) 60185 Da
Isoelectric Point (ISP) 5.55
Signal peptide No /3
DNA sequence
T A T A T A C T A C T A C A C T A T A G G G G A T A T C A G A C T G G A T G G C A A T A A T G A T T T A A T T T T G A C
T G A T A G T G A C C T G T T A C G T T G A C A A C A A A T T G A T A A G A C A A T G C T T T A C T T A T A A T G C C A
A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C A T C T A T C A A
A C G A C G G G G A G G G A G A G G C A A G G C C C T C C T C C A C A G A T A C A C A G C G C T A C G G C T A C G A C G
206
CG CG TG TG CA TG CG C G G CA G A C G C A C G C A C G A G G A A G G A G A G G A C G G C G A A C G G A A G A G A
A C G C C G G A A G A A G C G T G G C C G C T C C G C C A T C C G C C C C G C C G T C C T C T C C G A N A C N A A C G C
C G A C G A G A G C G A A T T T T T N C N T A G A G A A A G G G G C G C A T C G C C C G C N C G C G C G C G C T C C T C
C T C C T C C C T C G G G C C G G T C G T C C G C G C C C C C C C C C N C G T C G C G G T G G C G C G G C T C C C G C T
G C G C C C C G C C C G C G T G C C C C T A C T C T C C C C G T G G G G C C G A G T G C C C C T T G G T C C T C C T C G
C C G T C C T C C T C C C C C C T G T C G T C G G C G G A T G C G G C G C C A T C C T C T C G T A G T C C T T C T C C G
C G C C G C G G A T C C T C C G C G C C T C G G G A C T G C C C T C C T C C T G C C C C C C C N C G T N C C G T G C C G
A A C C C C C T G C T T T C T T G G T C C N C T G T G T C G T C G G C C A C C C T C G G A T C C G T C G G T G C A T T T
C C C C G C C C G C C T T C G G G T C C C C G C C C A G T G G G T G T T T G T C C A C T A C C C T G G
Protein Sequence
M G L M R T D T H V H A P P S S R S A A L L L L L L P C A G R L P R V S S P H L A L S L L S S P L P S P P L L A D T Q H  
A R C T H A H A H R N P R S S S L S F F E Q T P L N R L L T P L P S F S A M R E A IC IH IG Q A G C Q V G N A C W E L  
F C L E H G IQ P D G S M P S D K C IG V E D D A F N T F F S E T G A G K H V P R C IF L D L E P T V V D E V R T G T Y  
R Q L F N P E Q L V S G K E D A A N N Y A R G H Y T IG K E IV D L A L D R IR K L A D N C T G L Q G F M V F H A V G G  
G T G S G L G A L L L E R L S V D Y G K K S K L G Y T V Y P S P Q V S T A V V E P Y N C V L S T H S L L E H T D V A T M  
L D N E A IY D L T R R S L D IE R P S Y T N V N R L IG Q V V S S L T A S L R F D G A L N V D L T E F Q T N L V P Y P  
R IH F V L T S Y A P V V S A E K A Y H E Q L S V A D IT N S V F E P A G M L T K C D P R H G K Y M S C C L M Y R G D V  
V P K D V N A A IA T IK T K R T IQ F V D W C P T G F K C G IN Y Q P P T V V P G G D L A K V Q R A V C M IA N S T A  
IA E V F A R ID H K F D L M Y S K R A F V H W Y V G E G M E E G E F S E A R E D L A A L E K D Y E E V G A E S A D D M  
G E E D V E E Y
Sequencing length 121 aa
Molecular weight (MW) 14051 Da





G ene name hypothetical protein, conserved
Feature Trypanosomads only
DNA sequence
T A T A C T A C T A C C T A T A G G G G A T A T A C A G A C T G G A T G G C A A T A T A T G A T T T T A T T T T G A C T
G A T A G T G A C C T G T T A C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T
T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T A A A T G T T G T C T T T C
G TC A A G T C T C C C T G A G C C A A C T A A G A G A A A G A G G G A G A G T T T G T A A C T C C C T G A C A C A C C
T C T G A A G A T T T C T C C A A G A G G T G C C C A C C A A C G A A C C T G T C A C C A C A C T C A T G A T T A A T G
C T T G T T A C C T G T T G C G G G C C C G G A T A G C C T G C A G A A T C G T C C G G A A C C C A C A A A A C C C A C
G C A G T G G G T C G T G G C A C G A C T C C T C C G C A G A T C C T C C T T G T A C C C T T G G T A C G G G A G C G G
C T T G G G T A T A C C T G C C T C T T C G T G A A G C C G G C A C T C C A C T G C G T N C N G A C C A G G A T T C A T
G C G G C C A T T T A G T A C A T C C T T C G G T A C A G C T C N C T A A T T C C C G A A G C C C C G G C G C T T C G C
G T C G C G C T C C T T T T T C T G C T T C C G G A A G A C G C G C C T C T C C A C C T T C G A C C A A T T C G A G T T
C A G G T C T T T A T G C C C G C C T T C T T T C G A C G C T C C G A A T G C T C T T T C G G G C C G C C G C N C A A G
C T T C A T G G C T A C N C G T T G G C G A C C C C G C G A T G A T T G G A A C A G C C G A G G G T G G A C C G A C C C
G T C C C C G T G A T G C G A C T T G G A G C C G G G T G G G G T G C C G T T C T G T G C G C G A G G G T C G T G C N T
T G G T C G A A C C C T T T T G T C C G G T G C T T T T A G G C T G C C T C T T G T G C C G A C G G T C T T C G T C T T
T N C T T T T G G G C G C T G N T C G T G T T N G C T C G C A G G A C C T C T C T C C G T C C G G G T G G G C C G C T T
T T T G G G C C G G G G A G C C T T T T G T G T G T C C C T C G G C T C G C G
Protein Sequence
M K L V R R A R K S IR E R R M K A C IN D L N S N L S K V E M R V F R K Q K K E R D A K R R G S G IS E L V P K D V L




Gene name ribosomal protein L3, putative
Feature Trypanosomads only
Sequencing length 419 aa
Molecular weight (MW) 47544 Da
Isoelectric Point (ISP) 11.69
Signal peptide no
DNA sequence
A T A C A C T C A C C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G
T T A C G T T G C A C A A A T T G A T A A G A C A T G C T T T C T T A T A A T G A C C A A A C T T T G T A A C A A G A A A G T G G G T G A
A T T A C T T T T T T T T T T T T T T T T T T T T T G T G G C T G G G A A A G A A A A T C A A A T A A C G T T A A A G A A A T T C A G G A
A A T G A G A C T T C A A C A T T A G A C A C C C C G A A G G G C C C C A A C T A G T T T C A A G G G G A A C G A G A C A A A T G G A C C
C G C C C T A A T T T C G G A A A A G G A C A A G A A G T T G G T T T A C A C G G T T C C A T T T T C A A C T A A G A N A G G C C C C A T
T T C C C A C C C A A T N A A C
Protein Sequence
M S H C K F E H P R H G H L G F L P R K R S R Q IR G R A R A F P K D D A T Q K P H L T S F M V F K A G M T H IV R D V  
D R P G S K V N K K E V V E P V T IL E A P P M V IV G IV G Y R Q T P V G L K T IG T V W A H H T S V E F R R R Y Y K  
N W K Q S A Q L A F S R Q K Q F A N T K E G R IA E A R T L N A F A K K A S V IR V IA H T Q L R K L R N H R V G V K K  
A H V Q E IQ IN G G N V A A K IA L A K S L L E K E V R V D S V F Q Q S E A C D V C S V T K G H G T E G V V K R W G V  
A C L PR K T H R G L R K V A C IG A W H P A R V M Y T V A R A G Q H G Y H H R T Q L N K K IY Q IG R S V A V E  PN Q  
A T T T Y D L T A K T IT P M G G F V G Y G T V R N D Y V M L K G S V S G P R R R V M T L R R P M A P Q T S R Q L K E K  
IV L K F ID T S S K IG H G R F Q T K K E K S Q W F G P L K K D R IR R E E R L R K E R A A R A V E R K A K A A K K
Parasites L.mex
Gene ID LmxM. 17.0870
Gene name hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 444 aa
Molecular weight (MW) 48291 Da




A T T C A C T A T A G G G G A T A T C G T C G G A T G G C A A T A A T G A T T A T T T T G A C T G A T A T G A C C T G T
T C G T T G C A C A A A T T G A T A A G C A A T G C T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T G G G
T G A A T T C T T T T T T T T T T T T T T T T T T T T T C A C G A A A G C C A C T G A A A G G A A A T A G C A T T C A C
A G A A A A C A T T C T G C A G G A G A A G A T T T C C T T C G C A G C A C T A T A T C A T G G C A G G G T G A G T T G
T T T G C T A A G C C A A T G T C C T A A C G T A T C A T A C T C T T A C G C C T T T T T G G A G G T A G A A G G
Protein Sequence
M T T A D D V C G R Y T L S H C D G K V T P A K A T L T IH R C G E T L T A H A T V A N D L R G T V Q Y E N C H IV G S
L H S T G N E A S P A Q E S V E Q A L S K G F A D G F N V V V E IN Q V L L K N A N S S F V F E R S W K L S D L N G E H
208
A I  X A IN D Q S P N Q E M T IS F T P D G N G G S F V T A IN IA N S L R G N C Q ID A G L L R G D L A T T Q G K A D E  
K ’i/X S E G F Q 'Q 'G F H V eiB D S G IL L Q 'S S E A N IQ L C R IV S Q S D L E G E Y V L K S F N G A A V  
F T R lJ .ijp S X V F K P '/N T M E V E X S X V V A N R X R G T A A L N Q N V L S S E E P L M S T R M V G T E E E S Q L E  
r F I) ' FQ Y G L E T IS H G N E L T L K I'IQ D C K F V L V K A V A P A A Q H G G P T Y K G T H C N K C F K A E G N  
biL L F R IV R E H E K K W A F Y N D T E D L R IR V H A T F G A R S K IE A L D N A K M Y K N D D G R Y A V E V T V D  
P Q A T E M F X  Q G D V N G F R V L Y D A Q P I
Parasites L.mex
Gene ID LmxM.27.0650
G ene nam e hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 167 aa
Molecular weight (MW ) 19658 Da




T T A C T C A C T A T A G G G G A T A T C A G A C T G G A T 'G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T
G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A
G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T T T T T T T T T T T G T T T T C A T A
G T T A T T C T T G T T T T T T C C C C T T C G C C G C T T A A A G G A G G T G T G G G G G A T G G T G T C T G G C A G
A A T A A A A A C A G A C G T C C G T G A A C A A A C T C G T G C T T A T A A A T G T A T T C A T G T T C C G T T G C G
C A A C T G C T C A G G C G C G G TG G G C G G A A G C C G C G G G A G G G G A G G A G C A C G C G C G TC A TC A TC
C A G C T T A C C T G C C A A A C T A G TA C TA C G C T A T A A G A G G G A A G A A A A G A G A A C A A C G G G G A G
G G G A G C G A C A T C T T C C A A C A A C A G A A C A C A C A C A T A C T C G G C A A C A G T G C G G A C T C T G G A
A A A G G A G T G G G A A T G G C G C A C A T T C G G T G C T C G A A A T A T T A G C G C G C G C G C A T G T G A G C A
T G T G C G C G C A A C G G G A A C T G C G A T A C C T T T T G A A G C G G C G G T C T G T G T G T G T G T G T G T G T
G C G C G C G TG G G TG G G TG G G TA G G TG A G G G A A C A A A A A TG C TG A A G G C N TG C C C C G A C G G G
T A T G C C C C G G T G G A G G G G A G A G G C T G T T C A C C C G C C T T G G C G G G C C C C C G C G C C C C G T G A
T G C G C C G A G A C G C C C T G A T G A T T C C A C C C C T G G A G T C C N T G T G C G G T G C T G A T C G G C C C C
T T T T T C G C T T C C C C C G G G G T G G C T T C C G C T T
Protein Sequence
M K V E L T M Q Y L D E W ftR W R K F Q T E S D W R IE K N R Q W W R Q A N IV T A G A V M G S L V M Y T A G T A T I 
R R Q F G A P K  F F D V G V D A K IK E A X C D T X  T S R H R Y T P Q G Y G R L M V V G L P T F F V  F A I S E H I Q E R  
R R L R A Y V R Q N T V F G E Q A M R L V Q N G K IE E Y L A V D IK A S L P Q N Q T Q L Y A
Sequencing length 290 aa
Molecular weight (MW ) 33115 Da
Isoelectric Point (ISP) 11.2
Signal peptide No/2
Parasites L.mex
G ene ID L m xM .26.0180




D N A  sequence
G A T C A C T A T A G G G G A T A T C G T C G G A T G G C A A T A A T G A T T T A T T T T G A C T G A T A T G A C C T G
T T A C G T T G C A C A A A T T G A T A A G C A A T G C T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T
G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T G T G A A A G A A C A A C A A A C G A A C C A A G C A A G
C G G G G C G A CC A C CC C G G CA T G C G A G A A A A G A A A A G G A A A C G G G TG TT TC A CG G A A C G G C A
G C A G A G G C CC A C C C A C CG N C A A A A A A A G N C CG A A C G G G G G C A A C A C TT G N A A A G A CC C C C
C C A A A G G G G N A C T T C C C A A A C C A T T T T G G A A C C A A A A A C C C C C C A A T T T C C C C C C C A A C C
C G GG
Protein Sequence
M R F M F L F P L A L S S R L T L D S P P L S G N A T P H T A F K K K H T A M P T H S V Y G N A S D M P A V P A P E S A  
IK R A A FK Q Q Q T E S FK K A V V A R K A A K A A L K K T A Y L R A R K Y S R E Y R G A E K K L V T L R R Q A A S H  
G N Y Y L E A K P K V V V V T R IR G IA K V N P K Q R K IL Q L L R L R Q IF N T V F V K M N K P M E N M L R A V E P  
Y IA Y G Y P S L A T V R A M V Y K R G Y L K IN G Q R V K IT D N Q M IK D K Y N N A D IV C A E D M V N Q IY T C G  
KH FR TV M H G M W PFK L A P PA G G M R Q K R R H F V E G G D Y G N R D T L IN R F L A R M I
Sequencing length 316 aa
Molecular weight (MW) 36038 Da





Gene name hypothetical protein, conserved
Feature Trypanosomads only
DNA sequence
A C T C A C T A T A T G G G A T A T C A G C T G G A T G G C A A T A A T G A T T T A T T T T G A C T G A T A G T G A C C
T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A C T T T G T A C A A G A A A G
T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T A T G C G G A C C C C A C T G T T C T C T C C C
TT T T A C G C C C T A T T G A A G A G A T G C T T C T G G G C G C C G T A A A A A A T C G A T A G G A A C A C C C A T
T C T G C A A C A A T A C T C G C C T C T C T C T C T G A C A G C C T T C T T G G T T C C G T T T A A G T T T T C C C A
A A C A A N C A A A A A C A A C C T TN G G G G G T G A C A A C C T TG G C C A A A C C A A A C A A G G N G TC C C G C
A C T C G G A A T T T T T T A A A
Protein Sequence
M D A IK T Y T Y K S G A V Y E G T F D G N M R S G R G H W T H P Q G E R Y E G E Y K D N K Q N G L G V Y IF S E T G K
KY LG N W EA G Q M N G EG LY FFN LDC TAY Y FG N Y TKD K K D G D G HY M Y ETG VM TTQ K W N M G A LL
K E E E T P P S E IV E C A V K IK E L M D A V R A V A P K E L G D M P P P S E V R T F Q F P S G A T Y T G Q Y F G T K
K H G R G Y W L H PE G D SY E G Q FD N N H H SG W G V Y V IG R SG K K Y V G H W R N G K M N G IG V Y FFN P Q E
TE Y Y V G L Y R D D V K N G R G M Y H FA E SG A S M V Q M W E N G V L R Q E M E A D K A T E K A Y E A A IR R IV E




Gene name Kinase C receptor
Feature Trypanosomads only
Sequencing length 312 aa
Molecular weight (MW) 34403 Da




T A T A A T C G A T C T C C T A T A G G G G A T A T C A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G
A T A G T G A C C T G T T C G T T G C A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T
A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T A C G G T A A C G G A A A A C A T
A A A A T A A C A T TG A A A A A A A A A G C G C T G C A A C G G G G A TG G T G G G C C G A C A C A C A C G C A T C A
C A T G G C G T T G T T G C C G G A T T T G T T G T G C G C G A G T T G C G G C T C A C C T T T A T T C C T G T T G T C
T A T A A C T G T G A T A T A T A A C A T T A A T G T G T A T T A A T T G T A A C A A T A G A C T T A A C A T C C T T A
C T A A A C A T T T A T A C T T T T A A A C A A G A C C A T T T T T G G G G G G G N C T C A T T T T C T C C G G T C C T
G N C C A C A G N A A C A A N C A T C T A T T G T T C C G T C T T G C C T G G C C A C C N T T T G T T A C N T T C T C T
T T C T C N A T G A A A T T C T A C C C C C C C C C C C G T A T T T N C T C T T G G C N T A A T C C C T G T T T C T G T
C C T T T T T T C C T C C T C T T T T A A N C C T T T G G G C C T N C T C A T T C T C C T C T C C T A T T G T T T T T G
G G T T C C T G T T T A A T T T T T G G T G G G G T G T T T T T T G T G T G G T A A A G T G G G T G T G G T G G G T C C
C G G A A A A A C A T T T T G G G T T T T G G G T A A A T G T G T G G C C T T A T T T T T T G G T T T T T T G T A A A A
G T A A A A A G G G T G G TTT TA TT TT G A A A A TT TT G G G G G G G G G G A A A A G G G G G G A A A A G G G G G
gtttttggggggggtgtcctttttttgggtggta
Protein Sequence
M N Y E G H L K G H R G W V T S L A C P Q Q A G S Y IK V V S T S R D G T A IS W K A N P D R H S V D S D Y G L P S H R
L E G H T G F V S C V S L A H A T D Y A L T A S W D R S IR M W D L R N G Q C Q R K F L K H T K D V L A V A F S P D D R
L IV S A G R D N V IR V W N V A G E C M H E F L R D S H E D W V S S IC F S P S L E H P IV V S G S W D N T IK V W N
V N G G K C E R T L K G H S N Y V S T V T V S P D G S L C A S G G K D G A A L L W D L S T G E Q L F K IN V E S P IN Q
IA F S P N R F W M C V A T E R S L S V Y D L E S K A V IA E L T P D G A K P S E C IS IA W S A D G N T L Y S G H K D
N L I R V W S IS D A E
Parasites L.mex
Gene ID LmxM.08_29.1740
Gene name histone H2A, putative
Feature Trypansomads only
Sequencing length 132 aa
Molecular weight (MW) 13961 Da
Isoelectric Point (ISP) 11.61
Signal peptide no
DNA sequence
G T N A T A A T C G A T C T A C C T A T A G G G G A T A T C A A C T G G A T G G C A A T A A T G A T T T T A T T T T G A
C T G A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T
T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G C C C G A G C C T A C C
C TG A C TC G TA C CC TC T G C T G A G G G G C G G A G A G A A A C A G A A G A A A G G A A G G A A T CA A G TG G
T C A T C T G A G A A G G C A T A A A A C G A A A G A T A A G G T C T C T A T G G A G G T A T G A T G C G C C T C A T C
211
G C C G G C C C C A C A G T G G G G G C C C G C G C A C A C G C G C A C A T A C C A G C G G C G C G T G T G C G C T G T
C A A G A C G G A G G G T T T A T C T T C G C T C G G C G T C G C C T T G A G C T T C T T G C C A C C C T T C T T C T T
C G A C A T C G C C T T G C T G A C G C T T G G C A C A A C G C C G C T G T G A G A C A G G G T C A C G T T C T T C A G
A A G C G A G C T G A T G T C G T C G T C G T G G C G C G C A G C C A G C A T C A C G G T G C G C G G G A T C A G G C G
G C A C C G C T T C T T C C C G C C T C T G C G C G G C C G C C T T C A C G G A C A G C T C C A G C A G C T C C G C G G
T C A G G T A C T C C C A G C A C A G C C G T C A T C T A C T C G G
Protein Sequence
M A T PR SA K K A S R K S G S K S A K C G L IF P V G R V G G M M R R G Q Y A R R V G A S G A V Y M T A V L E Y L T A
E L L E L S V K A A A Q S G K K R C R L IP R T V M L A A R H D D D IS S L L K N V T L S H S G V V P S V S K A M S K K
K G G K K L K A T P S A
Sequencing length 580 aa
Molecular weight (MW) 63626 Da





Gene name hypothetical protein, conserved
Feature Trypanosomads only
DNA sequence
T A A T C G A T T C A C T A T A G G G G A T A T C A G A C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G
A T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G
T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T A G A G C G C C A A G T G G T T
C A C C T G C G A C G C G C G C G C G T G T G C A C C G C C C C C C T C C C C C C C G G A A A C G A C T T C G C C G C C
A C G T G T A A C C G C A C T G T C A C T G G C A T C A C A C C A C C A G C A C C C A C C C A C C C T T C C G T A T T T
CA TG A G TA G C A C C A G A C G TA G G G A G A G G A A G A G G G G G A G G C A A C G C A G G A A G A C CTG A TG
G A C C A C A T G C A T C T C C C C T C T C C C C C T A A A A T A T C A C C A G G A C C A A C A A A T G A C G C A C A C
A C G A A C A C A T G C G T G C G C A C C A G C A T T C C C C C T C T C T C T C A C C A C T G G A A A G C C A G C A G C
A C TA G CC C G A C C T C G G C T C G G T A G A G G G A A G G T G A A T G T G T G G G T G G G T A G G T G G G G G G A
G A G G G G G A G TC A G TA A C A TC G A C G G A A A C G C G TT G A C C TC C A C A G A G A C C C G A C A TA C C C
G C C A C A C A C G T G C C C G C A T G T G C G C G C T A G C G C A T A T A C A T A C A C C A C G A C G T G T G T C C G
C A C C G TT TC G G C T G G C C A G A C A A C C C C C C C G A A G A G C T C C A A A C G C C C G C G C C G A G G C C A
C C C C C C G G C C C C T G G C C C C C C C G G G G A C C C C A T C G G C G G T G G G T G C C C C A A G C C C A C C C G
T A A A A C C C C C C G C C C
Protein Sequence
M Q H P V E M A F Y F P R F H P D T H V N P A G IP E L ID A V G L M T R H S R P S R A E S T A S A S T S T A E S A M S
R A L P P T R W T T T V S A T A Q P T T D A S V A E A Q K D N A K S L L L L E R G ID IL T S V G G V R S P A V A N L L
R P L Y A A R F E M L N G S E H L P R S E Y A K R M H V H K A IL Q Q A A P L L Y Y D T W D K S D V H Q L D T S C V L V
A H F M K A F C A L H P R P F H P V P A P P T S G G A S S S Q T S T T T T A S S S T V T S S P P K D A F N P A E W K M A
V G D D G K G A H L T L S IV Q D R V E E L L R L A T A A Y G K H G S T H P E L R W L R P K L L V L K G L L T IP L T G
H L L H A Q R C IE E A A N Y V D A M T K R K N L L L D G L K A R T H E P E L G L Y M L L Q A E IA A R V F G W D M A P
G Q V D G D V V N M F T D A A G Y Y A D P P N T T L D G D A IM S E R K L A E Q R F E A E A Y T C C L R S Y A A F L L G
A P R P K A T T T R D S P V F L S K Q L F S L N P L L T V A T P S S L IF S D V R N V S E L P L D M C R R R T G E A L D
R A L K L N R M L Y P D F R K N A P A A A T L M T M A C M Y A D T R D Y L Y A T G L F E S A N K A V T C N F G D T S L E
H V F L Q K L R Y E F L A G V G S E Q E A K T A S H E V V H L L K R L D A L P C
212
Parasites L.mex
G ene ID LmxM.27.1350
Gene name hypothetical protein, unknown 
function
Feature Leishmania only
Sequencing length 271 aa
M olecular weight (M W ) 29159 Da
Isoelectric Point (ISP) 10.64
Signal peptide no
DNA sequence
T A T C T A T A A A C C T A T A G G G G A T A T C A A A C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A
T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T
A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T A T A T C C C T C A T G T T C G C
G C G C A T C T T C G T G A C C T C C C C T T C T G C T C T T C T C C G A A G G A G G T C A T G C C G C A A C A T C T G
C A C A G A T T G C G T C G C G C G C A C A T A C A C A A A C C T T G C A C A G A T G A A A C A A G C T G A C A G C C G
G C G T C A T T A A A C A C A C C A C A A G C A G G C C A G C C C A C G T A A G A C C T A C A C A G A G A T T G A C T G
C C A C T A C A G C A G C A C C G A T G A A G G C A C C A A A A A A C G A A G T T C G A A G G C A C A G A A A G G A T G
C TG TG G A G A G A A C A A G A A G G A C G A G C G A G A G A T G G G A G A A A G G T A G A C N A G C N A C A A C A G
C A C G G A A A T T C A A C A A G A G G C A A G A C A G T G G G A G A G G C C G C G G T C C C T T T T C A G T T A T G G
C C A G T C G A A C A G C T A C C C G A A A G C C A C T G C C G C C G A C A C A C C T T C A C T T T C C T A A C C A A A
C G A T A T A A C G T T G T G C T C A G T T T C C A A A C A A C T C G T G T A C G A G T G C C G T T G G C A C G A A A T
C C T T C C C C G C T C C C G T A T C C A C G T T G C N T G T T G A G T A T A T C T C G T T A G A T C T T G C T N G C C
N C C C A G A T C T G C C C T T G A G G C G G T C C C T C T T G G C T C C G C C T T A G C T C G T T C T A C C C T C C G
C C C C C T C T C T T C G A A G G G C T C C C C T C C T C C C G G A A T T G T T T C C G C C C T C C C C A G G G A T T T
T T G G C C T T C C C T T
Protein Sequence
M L S T R L Q R P P P P R R A P P A A T L V K D V S S D A Y IS S H V IL R L S G A A L IS Q Q L L Q M K D W V S D IK
M A V IT A D D S L K A IW T S P A V Q L P S L S D G A T T G G D D V Q S L A F A S V T L S K L V E E Q E T Q D A F Y T
K L S E T A W R A E V Q K G S Q D A R L Q R Y K Q Q V E C Q L A S S M A D G L L P Q Q Q R K N S V P P E K R Q IL L N
P Y S T G H R K L P Q T A S Q T G N R P L P S V S T S M P P T M T S P Y R T S S S S A V S A P Q S P S S S T P V A A N G
N T L G T S P IP L A R Q A H R V K G P H S A V Q R L R R S Q
Sequencing length 1274 aa
M olecular weight (M W ) 139649 Da
Isoelectric Point (ISP) 6.62
Signal peptide N o /3
Parasites L.mex
Gene ID LmxM.09.1220




A A A A A A A G T C A T A T A A A A A T A A G T T C A A A A A A A A A A A C C T C A A T A A G G G G G G G A A A T A A T  
A A A A A A A A A T C  G G A A T GGG A A A C A A T  A A A T  T G A T A T  T T A A T  A A T  T TN  G A AAC T G A A T A AG 
T A G A A A A C  G T T A C  G T T G A A C A A A A C A A A A T T  G A A T A A G A A A C A A T G A C T T T A C T T A A T A A  
A T G A A C A C A A A C T T T G T A A C A A A G A A A A G T A T G G G T G A A T T A C T T T T T T T T T T T T T T T T T  
T T A T N T T T T T T T T T T T T T T T T T C G T C G G G G A A A G A C C T T T T T T C C T A C A C G T C T T G T G A C  
A T T A G A C G T G C G C A A G A T C T G A G T A T C C A C C G T G A C T T T G A T G G G G N C A C G C T T C C G C C C  
G A A T T C C T C G G C A G C G G A C A A G A C G G C T G T G T C C C C G T T C C T C T G C C C G T G A C T T G A T C C
213
T G C G C T T C T T C G C T T T T C T T T T C C G T C C T T G C C G C T C T G A A G A A G T G G C T G C G T G T G C C G
T C C C C G A A G G G T A C G T A C G C A C A A A C A T G T C G T T C G G G C C T C C C C C C C T A C C C C C T C C G T
G T G G C G C G C C C T C G G A G A G C G G A G T G C A C C G C T T A A G C G T C T C T G T C G T T A T T T T C C G C G
G TG C G G G A G G A G C G A G T CG G C G G G G C G G G G CC C CC C N C C C G C N G A G A A G C C C C CG C C N T T
C N C C C G T T C C C C G A A G G G G G T G G T G G G G A N G A A T G T T T T T G G A A C G A A C T T C C G N C C G N C
T C C C T C C C T C C G C C C C T T G G C C C C C C C C C C C C C C C T T T C T A T N G N C C C T T A C T T T T C G N C
G C C T C C G C C C C G G G G N A C C G G G G G C G G G T G G C C G C C C T C C C C C G C C C G T T T T C C C C C G G T
T C C C C T G G T T T T C C C T T T C T T T C T G G G C C C C T C C G C A A T T T N C C T T G G G G G C C C C T T T T C
G G T T T C C A C C G A A A C A C C C C G C C C T T C C C G C A A A G A T C C C T G G G G C C C C A A C C C G G G C C G
CC
Protein Sequence
M D L L R L Y V E F F L L C V Q P T V P C R T R T A A V V A G A G C N G S G T A A K P V A V D V A T Q L T T L T F IS V  
P H C V R P F F E G V A L L R S D N E A A P A V A D K A A G K V A G R K R H R G S IE R N G T K S A A A D H P V V E G G  
E D S D F P Y Q S S V M L Q R L R E Y G E V Q V P G F E S D S A Y L A A K D V L V Y L R H Y T Y L V S G M T L S A A V L  
R N IE L V G L D F R Q Q C V P C M A A V T Q L A S H L ID A Q L H K M Q L R P R V V R L S E R L C L S A K A A R T F E  
Y L L V C H C G R Y A P G N IA E P L R P A N IA Y H N D L T P Q E L L S IL S E S G V L W K Q G L IF S D IK M R T T  
F M E C K Y A L P M E T IA A L S G D Q L S E E Q L IK L E R T A L L E V L N E E R N A K T T S T A A A T P A P Q A E A  
H V G G S R S V S P S P K R G D E E S D V D D E E A L D S V L A D ID P A V L A S K D Q D A IY E A V S H R L S N T L A  
R R T A T S S S A R A V A A A P A A K N S A A T E T E E A V K D G K R S R E E S A M V T P S T A P P T A P P S R A T D T  
T P R P E D G E E A A T A T S A P R K T R L V L A D IN P L A Q R Y R C T G T G A G A A A A S S S P S A T S H T D S S M  
R G V P Y E S D IE Y M D A A F R IL A N M IR IR Y A E G D M K D E E D S Y T P K S K V E A S IR E L K G K V R V A A  
A V H E S R L Q A T L S A R T F T P R IE Q L A Q R L Q L T E M E K Q IM L F M V G N V IS H D M L V A V N G R Y V M R  
D G Q R L IT V G Y M L F V L C E S L E E R V V A R R A F Y Q S S P L V S N G V L S L T L D A V G R S C F N T D L M D Y  
L V D ID R K IV D D V M G IT A E T A E M V P G S Q L Y F P K V E L A N V V L P T S T M E R V L S T IE H Y S L F E Q  
C K K S S G F G D G L G T S K G G L V M L F H G P S G T G K T M L A N A V A H H L K K R IL L V S V S Q F R S S T K A E  
A D A L R F L F R E A K L S D A IL F F D E C E S L F E D R T S N G T V T A L L S E F E R Y D G L IIL A T N R A Q N F  
D E A M N R R IS L M M E F R P P D H Q L R L R IW R S H IP K Q L S M S E D V C L E K L A L N Y E L S G G L IR N A V  
L A A L S R A V A R E K S A T P K L T M R D L D E G A R L Q L R G F F L A A E L P E G M S E F Y L A P K R T L A E L V V  
E P N L A K K L E G IA S S A K S R S T L Y T E W G F S E D A N D D C G A L Y L F Q G V S G T G K S L A A E G IA Y E C  
G A T IR L C N V A E L L L R E E M R V H V V F E E G R R L G A IIV F D E A Q V L F N E S P K S L Q L S Q L IQ Y H A  
R R Y P R P V IV IA T T V H R D G S G G R H L F S T T N IN S R S S C M L F Q A E L T F A L P C R P L R E Q L W R K A  
F P E R V P T S S D V D Y G R L S A T S IS P K L IR T IA F N V C C T A A L L P V S E R V V T M A M IE A E M D R T V  
T R E R T A V S A S A M F A
Sequencing length 116 aa
Molecular weight (MW) 13129 Da





Gene name hypothetical protein, conserved
Feature Trypanosomads only
DNA sequence
TA CA A TA CTA C A A A T A A N T N A A G A A G G G A G A T A A TN C A N A A A C TA G G G A TA A G A G A C A A A
A A TA A N A TA A A G A A T N A T A T N T A T A T A T A G A C A T A A G A T A A A G A T A G N C A C A A A A G T N T A
C A G A A T TA G C A A A A C N A A A A T T T A A G A T A A A G C N A A A T A G A C A T A T A T N C T A A T A A T A A N
A TA G A C A CA A A A A CT A A TA TN G TT A A A C A A A A A G A A A A A A A G TA TA G G G G G G T TA G A A A A
T T A A C T T A A T A T A T A T A T A T T A T T A T T T T T T A T A T T T T A T A T T T T A A T T G T T C T A C G A C A
A T C C A A N C G A A A A G C T A C T A C G A C C A G C C A A G G G T A G C C A G A C G A G G T T G C C G A T T G C C A
T A C T A C C A A A A T A C A T C C G A G G G G G C A A T C A G A G T T C T A T G T T T A T C T T T T T T A C T A C T A
214
G A T C T A C T T C C C C T A C G A G C G A G C G A G C G T C T G T G G N G A A A C A C G T C N T T G G C T G C A T G C
G C A C C C A C C A C A C C A C C N C C A C N C C N C A C C T C C C C A C G G G G G T T C A C G N G A G G G G C A A G G
G G G A A G N C A G T T A G G C C A C A A A A G G G C T C T G C C G C C T C C A C G G G G C A G G C A G T G T G C T A G
G T T T G T N G C A G T C T C C C T C G A G N C C C G T T C G C A T G C C G T T T G C C C G C G G C A G C T T G C G G C
A G G T G T C C A A G G T G G C C G G C G G T C C C C A T C C T C G T G C C C C C T T T C G T T C C G N G N C G G G T G
N C T T G G C G C T C A C T C A C T C C T C C G C G C A C T T C T T G G T G T T G N T G C G A C G G T N G C C C T T C C
G C T C C C C G T G G G C A C C G T N G T T G G G C T C T A G A G T G T T C T C G C G C C T G T C C T G C T T G T G C G
G G G T C G G C C C C T G T G T G G C C T G C T C C G C T G G G T T T G G G G N G G G G G G G T T T T G G G T T G G G C
G G CA C G C CC A A A T T G T T G G T T T G G G G G A G A G C C C A G A C G G G G G C C C A G G G
Protein Sequence
M S A S E D T A P A P T A K P R R S V A N Y T E P P K K N P Y L V K F S R F Y S T K IP M G V R E F V F T G P L L L IT  
F G V A Y F IP S L IP A E Q F T Q G L T P H K Q D M R E Y T L E P IY G A H G E L K G Y R R IN T K K S A E E
Sequencing length 1629 aa
Molecular weight (MW) 178719 Da




G ene ID LmxM.31.1090
Gene name hypothetical protein, conserved
Feature Trypanosomads only
DNA sequence
T A T C G T A C T C A C T A T A G G G G A T A T C A G C T G G A T G G C A A A T A A T G A T T T T A T T T T G A C T G A
T A G T G A C C T G T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T
A C A A G A A A G T T G G G T G A A T T C T T T T T A T T T T T T T T T T T T T T T T C A T T G T A G C C G G A G A T G
C A C C G T G A G A G A G T G C G A T A A A A T A C G T T G A T T G T C G C C G G T A A A C T A A C C A G G A G G G A G
A A A G A A C T G G T A G C G G G C A C C A C C G C A C A G C C T C C C A G T C A A A A C G T T T C C T C C C C C G C C
T C G A C C A G C A A C A C G A G A A G A C G G C C A C C A A A G A G G T C T G C C G A A G A G G C TT C C A C G G C A
G C A G C G T C A G A C G A G A C A A T A TA C A G A A C C A A T A C C G C A C G A A G A G TA TC C A C A A C A A C G
A A A T C A G C G A A G A G C A A G T C G A G A A A C C A G C A C A C T C C G C A A C A A A C G T C T A T A C G G T C A
C A T A T A G C T G C T T T G A C A G C C T G T G G C C A C C G C A G A G G T A C C T A G G A G A G C A A G A A C A C G
C C G C C G C C T T C G G T T A T G G C G A A G C G A A G C T T C T T C T C C A T C T C C T C T T T C G T G T T G T A C
T G C G G T A G C T T C A A G T A A T T C T G A C A C G T C A T G G C G G A T G G T A G C A T G T T C T C T T C C T T G
A T G C T G G C A T T C T C G G A C G T T T T C C G C A C A T T C G T A A A C G A C G G C C G C A G T C G A C C C A G T
C G C T A C A G G G A G G T G C G C C G A C C G G T G A G G A G A A A A A A A C G C C T C T G C T C C T C C A C G G T G
A G G C G G G C A G T A T T C T A A A G A G C C A C T G T A C A T G C T T G C C A C C T T A G G T T T T A T C G T T A N
T C G C C C T G T C G T A T C T T T T A A G G T T G T G G C G C G T A T T G C G C T T C T T G G A C A C A T A G A C C G
G T T A C C T C T T C C C C C G A C A T C T A G T A C G T A G C A G A C C G
Protein Sequence
M D G F R F Y M E G V G L P E G S M R R V N A E L IG A IN S P D P M V Q H S G L Q M L C D Q L T M S S F IS P S T M A  
T IP L V L P S L L R C IA S S Q V R E V F I T A A R A L T Y II D A F P R T F E T F P T R D T L M E V L L Q H L R S I  
Q D V E L S E Q C IT C L E M IT R S Q M G S R E L L R N D G V E A V L G F A D F F T L H K Q R Q IW T IV Q R L V G E  
M D E S S V R H IT A C L P T L R IG M T N N D S E IR Q K A IA T L A Q A IE G V K T D R A T V E T V F G D A A D R I 
A V L L H E R D V N D D T M S S A L S L L Y A G V Q W S A G IA A S V IQ S D L F N T L L S L L Q P A P L P A V V A E Q  
Y T A P S A A G R A G H R G A V A E M V V G G D S G R D S G G D A G T E P A A A R T T M L T S H Q R T IV C R L L A S L  
L IP Y R A G A A E E L E R L E M L T Q R P L L T G A P A H G N R S G M D D G D G Y D E D Y T T E E D E D G E E M H D F  
D D D S D A D T T L T H L R Q R V A Q E Q G L K IE T K P A Y A R C R A S G F M C D G C G K N C T P G D W Y R C N E C P  
D K D Y C T A C V L E H Y K D D H D G Q H S Y T D M E Q V V G A A A R N R D K L E L Y R K S P Q L L Q R V L E A IP T V  
V G V C IS S E L V A V R T S C L D F L V S A V D M A S T E Q L L A S E IT K V S L G E S L N N N L R G A D L L C N A L  
A V A L A G R L L Q K L S D IY Q V Q F V R E G V K L S L Q V L K Q R C K V K G R T T L T R E A R A A L IT C T A G W G  
T I IG T E A S IL L Q R F L D V E D E Q A T E S L R R V V E E L R Q D H F S T A V G L L R D V L A G D V T A F E F F S  
S G V V R E L R S C L S R Q Q N IY A V M H L V A T L S T S P A T T R G A K A K K S A G V A P T L A A T T A G R V G H G
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S G S L L S H F V H H L H T IL T L L D D F A V P T Y D F IG G V H N Y F V V S F E P H R A S V A V A G D T T A G T S P
P S V R G D G D S A V S P R Q C IK A R IR P IS S V S A M A Q V L Q Q E V L Q Q E S E E G D N A D G E E G E A V T N V
L P D L H P R H S P T S R D A E A P V P A G P S S P A S A P E N S S IW IR Y G T H V L P L S M T M L Q IM E H L V L P
7V A A A S E Q E A R G S H H D N A E R R A K P P L Q Q R G K R D D T T A S E E G A H E E E G A R H G A H S R P A P L A T
S T A A G Y S L Q R P V V L Y Y S T A P Y N P Q Y Y S L F K V P N A F P A S G N P Q A P L Q V R L P S E D R K P R A V W
D V Q E Q L A G A F P Y S K H V L S D S Q R D V L G L L G T L Y A A V A N W A V L L N Y V R A Q A A A E S K H L R G ID
A A C I L S T F A P A I S I A E F Q H A K L N N K A I Q Q C S Q M L L A G Q Q R G T W A V K L A L D C T Y L F S Y S T R
K F L F D V G F T S T D R C L I Q M R K Y R E L F G L N E L R M S S E Q M R G I Y G Q L K K E T K R V W R E D V L E C A
K K V L S A Q D A R A R N R V W S F H F Y N E N G W G D G P T R E F Y T L V S Q E L R Q R K L G L W R D G N E A A G D T
E Y S T A A Y G L F P K P V L P G S T Q E E D H L V P F F R L I G R F I G R A L V D E H V P G L P L S P V F L R L L R G
D V C G V H D V Q D L S E E V G R L L V A M A G A A A S G H A R V Q L P G Q T K A V E V Q D L G L D F T L P G D D S V E
L C V N G A K T A V T A N N M M A Y C D A V T S F L L D R G V A A A V H A L R E G F H W Y I P L V A L Q M L S V D E L Y
R L I A G H E T A I T R D D F E K Y S K A N Y G Y T L S C K H V Q W L F D I L A A F T V E E Q R Q F F F F L T G S A H L
P V G G L G R L R P S F T I V R K T S E D A S I K E E D M L P S A M T C Q N Y L K L P Q Y N T K E E M E K K L R F A I T
E G G G V F L L S
Parasites L.mex Sequencing length 280 aa
G ene ID LmxM.20.1290 Molecular weight (MW) 31358Da
Gene name hypothetical protein, conserved Isoelectric Point (ISP) 4.17
Feature Trypanosomads only Signal peptide no
Gene copy multiple
DNA sequence
N N N N N N N N N N N N N N N N N N T G N N N G N N N A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A A
C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T T
t t t t t t t t t g a a g t g t g c g c c c g t g c a a a c a t g t g t a t g t g t g t g t g t a g c g g t g t c t g t g c a t c g g t a
A G T G T G T G T G T A T A T G T G C G T C T C T C A T T A C A C C G T G G C C C C T C C C C T C T C C C C T G A C T C C C T T T T C T T
T G A G T T T G T T T C A C A T G T T C C G C G T C C G T T T C T T C T T T G G G T C C C C T T C C C T C C T C C C C C C T C C C C C T C
C C C C C G C C T G G G G T G T A C C G T C G A T C A C A G A C G A G G A A A A G A A A A G A A A A C G A A A G A G G A A T G G A C C G A
C A G A C A A A C A G C G C G A A C A C A G C A A C G T A A A A C A T T A A G T G A A A A C A A G A A G A A A C A C G C G C A C A G C C A
C A C A C A C A C A C A C G T A T G C A T G C A G G C A C A C G G A C A C A C C T T C G A A C A A T A C C T C T C G C T C T T T C C C G T
C T C T A G C T A C T C G A G G A C G T G G T T C C G T T C G A C T T T A T T T C G A T T T C A T T G T C C A C T T T G C C T T G G C T T
T C T C C T T G C T A T G T A G G T G T G T G T G T G T A T G T G T G T G G C T G T G G T C G T T G A T A C A T G C T T G C T C A G C T C
T T T T G C C G T C T C C C T C C C T C T T C C C C T A A A C G T C T A T A T A T A T A T A T G T T C C T T C C C C A C C C C C G T C C C
T T T T T T T T C G C T C T C T C T C C A G T G T T C C C C A C T T T T T C T T T T T C C A T C T T T T C T T C G T T C T T T T C G T T T
G G N C A C G C C C T C T C N N A A C T G A N T G C C C T G T C T T T A C T C G A C T G C A C G C A C A C A C A C A C A C A C A T G N N A
G T G N T C T C G T G N G T G T C T G T G C G T N C G C T T N N T T N N G N N N C G T C T T T T G N T T T G C G T T G N T T C C N G N T N
C T T C C T T T T T G N T T T T T T T T C C C C N N N N C C C C N N N C C N C C C C T T N N N T G A N G G G N N N A N G N T N G G N N N N
N G N N N N N A A N A N N N N A A A N G N N N N N N N N N N A N C N N N N N N N A N N N N N T N N N N N N N N G N N N N N N N N C N N N N
N N N A N A N N N N A N N N N N N N N N N N N A N A C N T N N N N N N N G N C T T T T T N N N N N N N N N N N N N N N N N N N N N N T N C
C C T N N N N N N N N T N T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N C N N N N N N N N N N N N N N N N
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
Protein Sequence
M E K A R E I Q S K L D S L Q Q E M H A K V E A C D V K Y N K E K N A I F A A R R A I V A E L I A K K E M P A N F W A L
A L I A L L Q M K D R E S T T T P H F L G P Y D D E L L K T Y L E D I E V L Y T E K G H R I T L R F K P N P F F E E T E
L W A Q A S E I M N D E A D E E D D M P P V E E S W G F S G V T W K K G H G P Q L D E D E D E E D D G A P G K K R P H P
G I G D L A A S A S S S T Q G P S V L E V F S E M P P H P E E D E E M D E E D D D A V A D A I E E W E E E M A D R K M L
L R M V E L F V H H N P V S A L R D G G A A T A G A S N G E E A A A K K A K V E
216
Parasites L.mex
Gene ID LmxM. 10.0405 (99%)
Gene name GP63, leishmanolysin
Feature In other organisms
Sequencing length 644 aa
Molecular weight (MW) 68738 Da




N N N N N N N N N G N N N N T C N G C T G G A T G G N N N T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A
A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T
T T T T T T T T T T T T T T T C A T G T G C GT C GCCA T C T C T T G T GG CT C G C G G C A T G C T C T G C T G C G C C T A T T T C T
T C G T C C G G T C G T C G C C T C T T C T T G C T C G T G T G A C G T T T T C C T C T G G T C C T G C C C G C G C A C C T C T C C G G C
T C C A G C C C T T G C C G G T C C T C A A T G C T G C G T G C G T G C G T G C G T G T G C T G G G T G C A T G G C G A C G C C G T C G A
C A G C G C A G C T G C C C T G T C G C T C C G C T G T G T G C T G C C A T T C G G T G G G C G A T G A T G C A C G A T G A C G T G C G C
C C A C A A A G TG C G C A TT G TT G T C G G G C G A A CA G C A CA A C CG C C G CA C C A C G A G C G G C G G A G A A A A G G G TA
G A A G A G A G A A C A C A G C G C G A G A A G C A G G C G G C TC C C C C TC C C C T C C C C C G A C TG G C G G C A TG G A A TC A C
G A G C G A G G CAG A A G G G G G AG C G TG G G G G A GG G G A A G CG TG A CG CA A CG CA A A GA G G G G A TC CGC A TA G G
T G C G G A C A A C A G A G C A G C A C G A G C A C A T C A C C A A A G T A C A A G A A G C C A C C T G C C T C T C G C C T G G G C G C T
G G C C A A C T T T T T T G T A C A A A G T T G G C A T T A T A A A A A A G C A T T G C T C A T C A A T T T G T T G C A A C G A A C A G G
T C A C T A T C A G T C A A A A T A A A A T C A T T A T T T G G G G C C C N A G C T T A A G A C T G G C C G N C G N T T T A C A A C G T C
G T G A C T G G G A A A A C A T C C G TG C TA G C G T TA A C G C G A G A G TA G G G A A C T G C C A G G C A TC A A A TA A A A C G A
A G G C T C A G T C G G A A G A C T G G G C C C T T T C G N T T T A T C T G T T G T T T G N C G G T G A A C G C T C T C C T G A G T A G G
A C A A A TCC G C CG G G A G C G G N N TT G A A C G TT G TG A A G CA C G G C C C N G A N G T G G C G G G C A G G N N N C C G C C N
T A A A C TG C N G G N N T CA A TT A N N N G A A G G N C N T CN T G N N N G A N G G N
Protein Sequence
M SV D SSSTH R N R C V A A R L V R L A A A G A A V TV A V G TA A A W A H A G A PQ H R C IH D A M Q A R V R Q S
V A A Q R M A P S A V S A V G L P H V T L D A A D T A A G A D P S T G T P R N V V R A A N W G A L R IA V S A E D L T D
P A Y H C A R V G Q R IS A R D G R F A V C T A E D IL T D E K R D IL V K H L V P Q A L Q L H R E R L K V R Q V Q G K
W K V T D M A A D V C SY FK V PPA H V T G G V SN T D FV L Y V A SV PS E E S V L A W A M T C Q V FP D G H P A V
G V IN IP A A N IA S R Y D Q L V T R V V A H E M A H A L G F S G T F F E A V G IV Q E V P G IR G K T F T V A V IT
SS T A V A K A R E Q Y G C N S L E Y L E IE D Q G G A G S A G S H IK M R N A K D E L M A P A A S A G Y Y T A L T M A
V F Q D L G F Y Q A D F S K A E E M P W G R N V R C A F L S E K C M A K N V T K W P A M F C N E S A A T IR C P T D R L
R V G T C G IT A Y N T S L A T Y W Q Y F T N A S L G G Y S P F L D Y C P F V V G Y R N G S C N Q D A S T T P D L L A A
F N V F S E A A R C ID G A F T P K N R T A A D G Y Y T A L C A N V K C D T A T R T Y S V Q V R G S N G Y A N C T P G L
R V K L S S V S D A F E K G G Y V T C PPY V E V C Q G N V K A A K D FA G D T D SS SSA D D A A D K E A M Q R W SD
R M A A L A T A T T L L L G M V L S L M A L L V V R L L L T S S P W C C C R L G G L P T
Sequencing length 893 aa
Molecular weight (MW) 101197 Da




Gene ID LmxM.31.0920 (99%)
Gene name vacuolar proton-ATPase-like 
protein, putative
Feature In other organsims
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D N A  sequence
N N N N N N N N N G N N N N T C N G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A
A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T
T T T T T T T T T T T T T T T G C A C T G A C G G T G A T G T C T A A A G A G T G G G A A A G A A G A G G A G A A A G A A T G G A A A A C
A C A G A A G G G A A C G G A A G A G A T G A G A A G C G C G A T G C A C A A A C G C C G T A T T G A G C T G G A G C T G A T G A A A A A
A A A A A C A C G A A A A C G A A A A C A A A A G A G A A A G A A G G G C A G A A A G C A C A A A A T T G A C C A G C G C T A C G G G T A
C A G A G A G T A A C A C A C C C A C G C A A C A G C A A G G C A C A T A T G C A G A A G A A G A A A G G A A A G G T G T A T G T G A A T
T A G C A C A C A C A C A C A C A A T G A A A T A T A T A T A T A T A A C T G C A G G C A A A A C T A C C A C A A A A A A A G G A A C G G
C G G G A A A G C G A A A A G T G G A A C A C C A A A C A G C A G C G A C G A A T G A G A A C C A C A G C C G C T G T G T A T A T G G C G
A A A G C A A G A G A A T T A C G A A A A C G A A A G G G A T A C T T C G A T C G A C A C T G T G C C G G A G A G G C G C G A C A G G G G
T T G T T C T A A G A G G G G C G C A G A G A A A T G G A A T C G A C A A C C A C A G A C G C G G G G C A A A A C A A G A G C G A G A C A
G C T G C A G A A A A G T C T C G G G A C G T T G G A T A T G T C G A C C G C G G T C T G A T G G A G G T G T T G C A A G G A C A G T G A
C A A T G A C A A C A G G C G A A A G G A G G G G A G T C C T A A A A A A G A A G A G G T G T A T G C G T G A A C G C T T T G T G T A T G
T T A C T G A T C T T G T G T G T T T T C T T A T G T G A T T C A A T G A G C T G G A A C G A C G C G T C G A C T C A A T A A A G T A C A
G A A A C C C A A C T T T T T T G T A C A A A G T T G G C A T T A T A A A A A A G C A T T G C T C A T C A A T T T G T T G C A A C G A A C
A G G T C A C T A T C A G T C A A A A T A A A A T C A T T A T T T G G G G N C C N A G C T T A A N A C T G G N N G T C G N T T T A C N A C
G T C G T G A C T G G G N A A A C A T C C A T G C T A G C G T T A A C G C G A G A G T N G G G A A C T G C C A G G C A T C A A T A A A A C
G A A A N G N T C A G T C N N A N N A C T G G N N N T T C N T T T A T C T G N N G N T N N N N G N N A N G N N C N C N N N N N G N N A A T
C N N N N N N N G N N T G A C N T N N N A N N A C G N C N N N A N N G N G N G N N G N N A N N N C N C N N C N N A A C N N N N N G N N N N
A N T A N C N A A N N N N N C N N N N N N N G N N T N N T N N N N N A N N N N C N N G N N N N N N N N C N N N N T C T N A N N N N N N A A
C N N A A N N N N N N N N N N N T N N A N N N N N T N N N N N N N N N N N N N A N
Protein Sequence
M P W R Q E H C S G L W R S E D M IR V N IIL Q R E V L Y D T M Y E V G M L G R V Q F L D M N E G IT T F A R P F T E  
E L R R C E E L Q R K L H F IE E S M R K D A D L L D R Y P G D V N M S A T V E E M R S S L L R G Q M H M I D D R IE S  
T V N E L T A M L T S L E G F Q H E M N Q N Q E M T L L Y Y K Y R L L V E T P S D M T M G N S S F A H Q S A A V S S E A  
F S R L A S L F G F I D S K L S E E L Y R L C Y R I T R G N A I V E I S S E P A M F V D V Q T G E R N V A K T P F V V L  
C S S P T M I V R L K K L M IG L G A G V Y T L D E V Q S R G I E L T T S T T A H D V E E T I E G V E R R K R D V L T Q  
W Y E E H R L Y K T Y L K V E K W L T A M N M C A M S G S T C T A S A W V P L R H E Q S L R R A L Q D A V A S A N G S  
V E S I V T L H A E Q Q H P P T F F E T N R F T E S F Q G I V D S Y G M A R Y K E V N P G V F T I I T F P Y L F G I M Y  
G D I G H G F L L L F I A L F F I S K E K A W R T A Q L N E I V A M V F G G R Y L L L L M S L F A I Y M G V L Y N D F F  
G F S L N L F S S G Y T W A P IS E Q K G T T Y P T M P S G R P S V K P P H V Y A M G L D A A W A E T D N K L E F Y N S  
V K M K H A V I V G V A Q M F A G L F L S L N N S I Y E K N W Y K IA F L F V P E F V F L L C T F G Y M S I L I M V K W  
C R T W E N T N K A P S I L E I M T N F F L Q P G S V P N P L F S G Q A G L Q V F L L L A A S S M V P F M L L G M P Y I  
E M R D Y K R W Q Q R R Q V G G S R R R H G G A Q R A S V A T IE A S D Y T D A F L N E P S A S L Q P Q P A N Y S G D D  
S A H R N L M S D D D D A S N I F G D D N M H P F G V S S A N S E D G A T A T V I E R E N E K F E H F D V S E L L I H Y  
V I H T I E Y V L S S V S N T A S Y L R L W A L S L A H A Q L S E V F F S F T V T K T L D I D N N S G F V I A I G V L L  
W L G A T L G V L V G M E A L S A F L H A L R L H W V E F Q N K F Y A G D G R A F D P M D L IS L N M Q N
Parasites L.mex Sequencing length 337 aa
Molecular weight (MW) 37055 Da
Gene ID LmxM.34.3870 (99%) Isoelectric Point (ISP) 5.63
Gene name nucleoside diphosphate kinase, 
putative
Signal peptide No
Feature In other organisms Gene copy
single
DAN sequence
N N N N N N N N N G N N A N N N G C T G G A T G G C N N T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T
T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T
G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T
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G T T C T T G C G T G G C A A G G G A G A G G A A G G A A TC A A C A C G C A C A C A C A G G A G A A A A T G T G C C G G C TC TT G C A
A A G C A T G T G A A G T A G C G G T T C G A A A G G A G T A G C C C T C C G T C G T C T A C A G T A G C C T G C A A T C A G C T T G C C
C TT C G C A CG T CA G G C TA TT TA C A TC C A A G A G C A C C G A G G G A G G A A A A A A C G A A A C A G G A A TG TC G TG T G
C T G G G CA C G TC C TG G C TG TC G C C G G A G C A C G TG C A TC G C G A G G C G A G C A G A A A G A G G G TG A G A A A CA G A
G A C A A G G C A T G A T G A G T A T T C C A G T G C G T C G G T C C C T C T C G T G C C T T T G G T G T C C C G A C A C A C A G T T C G
T C C G C C T T C T C C G G T C A T C T T G C G A T A A G C A A G A T C A C T G C T T G T T C T G C A G C A A A G A A A A G A A G A A C T
C T G A T T C A A G G G G A C C A T C C T C T T C C A G G T C G G T A C A A T G G A C A G C G T T C C G G A T G C G G T C C A C G C C G T
A C A T G G A G C G G A G C G T G T G A G G G A A A A G A A C G T G G C A C A C T TC TG G G TC A TG C G G G C C A C A C A C C G C C C
G C A G C G C C G G C A C G G C G T T C T C G G C G C A A A C C T C A A T G G C C C A G C A C G G G C C G G A C G A C A T C T G C T C C A
C C A G C T T C T T G T A C T C C G G A A G A A C T C C G T T G T A A A C C T C T A A A A A G T C C T C A G C A T C T G C C A C T G T C A
G C T G G T A A G A A C C A A G G G C A C T A A T G T A A A A C C C C T C C T C A A C C A A G C G A T G A A G A A T G G G A C C T T G A T
A G C C G C T A G T G A T C G C G T G T G G C T T G A T G A C G C A C A C G G C G C A G T T C T T C A G C G C C G C T G G G G A C T C G C
C T G G C C C C A T G A C T G C C T C C T T C A G C T C C T G C A C A G C A C T C T C G C T C G A A A T C T G C G T C A C G G C A G T G G
A A A N N N N G G C C G C C A C C G A G G C C A C C T T T T C A C G G G C T C C G G C G C C G C T C G C A A G C A C N A C T A G G C A N C
N N C T G C G C C T T T G A T G C A C T C G G N A G C G A G G C T C T G C G A A A G C T C T A C T A N N G N T G A N G T A T C N C N N N N
N G C G T T G T C N N N N C T N A N C A N G A N C N G C T N C N N N T N T N N N C T G C A T G T C A N N G T A T C A T G C N N N N N C C C
N A N TN N N G NN N N N N N N N NN N N N N N NCNNCNCCNTNNNCNNNANGNNNNNNNNNNNAANACNTNNANCNN
NNNCCNNNNNNANNNNNNNNNNNNNNNNNNNNNNNCGCANNNNNNNNNNANNNNNNNCTNGNNNNNNNN
N N N N A N N N
Protein Sequence
M V G E Q R D T F V V E Y F D P Q A S L S R T Y Q F C Y F T D D K T IE M Y N L K T K R L F L K R C A Y P S L S P N E L
Y V G A T IN V F S R P L R IV D Y G D D A T R K R L T A N S G E C M IT V D M Q H H S A A A G S V IE G L T T Q G L R
IT F IR L V E L S Q S L A T R V A S K A Q R C L V V L A S G A G A R E K V A S V A A S F S T A V T Q IS S E S A V Q E
L K E A V M G P G E S P A A L K N C A V C V IK P H A IT S G Y Q G P IL H R L V E E G F Y IS A L G S Y Q L T V A D A
E D F L E V Y N G V L P E Y K K L V E Q M S S G P C W A IE V C A E N A V P A L R A V C G P H D P E V C H V L F P H T L
R S M Y G V D R IR N A V H C T D L E E D G P L E S E F F F S L L Q N K Q
Parasites L.mex
Gene ID LmxM.36.1610 (99%)
Gene name Nucilirdie binding
Feature In other organisms
Sequencing length 264 aa
Molecular weight (MW) 29756 Da




n n n n n n n n n g n n a n n n g c t g g a t g g c a a t a a t g a t t t t a t t t t g a c t g a t a g t g a c c t g t t c g t t g c a a
C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T  
TT T T T T T T T T T T T T C C G A T G T C G G C A T G G G A C A A G A A A C A C A A C A G A A C A A A A A A A A G G C A C A A A G A C A  
A TA CG A A A A A A A A A G G A A G T G A C A C A C A C G CA C A C A C A C A C A C A CG C A C A CA C G CA C G C A CG C A CA C A A  
C A C C A A A A A G A A G A C G C G T C G T T G T T T G G A G G C G T T G C C G A A T G G C G T G C C G C A C T C C T A T C T G A T T T T  
T C T T T C T T T A G T G G G C C T T C C T T C G T T T C G T C T T G T T G G A T C T C C G T T C T C T C G C T C T C T G T G T G T G T A  
T T G A T G T G T G T A T T G A T G T G T G T G C G T G T G T G T G T G T G T G T G T G T C G G T T C T G T C T T G G T G A T C A T T C C  
T C C T C C G G A A C G C T T T T C G T T G T G C G T C G C C T A C C T T G T C T T T T T C T C A T G T T T G T T T T T T T T C C T T G T  
T G C C C T T G T G T G T A T T T G A G G C G G T G T T C T C A A G A A T G C T T C T C T T T T C C T T C T T T C A T G T T T T A A A C A  
A C A A A A A A A A G G C G A C T C A C A T T A G C G T A C A C A A A G A C A T A C A C C G A A T C A T G T G C G C G T A G T G A A C G G  
G G C A C A A A C A C A T T G C T T G A T A C G G G C G A G G G T C T T G C A A G G T G G G A C G A G C A A G G A G C T A A T T C T C T T  
G A A G A G A G A C A C G C A A A C A TA C G C A C T A G C C A G C A A A C C T A C C A A C A A C A C G C A TA G C A A G A T A A TC A G  
G A G T T G C T C T T G A G T T A C T G A G C A T G T C G A A A G T A C T C T G T T T C G A G C C T T G C G G T T C A G A A T A C A T G C  
C A T T G C G T A T G T C T G T C C A T C T G C C T A T A G G T A T G G C T G T T T G T A T C T G T G T A T G T G T G T G T A C G T G T G  
C C T G T G T C T A T C T G C G T G C A G G G C A A G G T G T C T C A T A G A C C T T T G G T C A G C C C A T C T C G C C G T C C C C C 1 
T C T C T T G C G C T T T T T T C C C A C G T G T T C C T T A T T G T C T C C C G T C C C G C A C G T C T T T T T G T T T G T T T G T T  P
219
G TT TC TT C C TC T C C A C T T C C C G G A G G G G C G T G T T T C C A N C A N C A A A C N G G C G C A N N A G A A A N A A A A A A A
N A A N G A A A A A A N A N N N A A A A A A G A A C G N A A N A G N N A CA C N A N TA A A TN N TA TA T A TC A C T TT TTG T A CN
A G TG N A TN N A A A N N C A TG C TC A TN N N N N N G CA C N A N N G T CN N N N TC N G TN A A N N A A N C N TT A N N T N G N N
N N N N NNTNNACNNNNNNNNNNNNNNNNNNGNCNGNNNANCNCNNNNTNNNNANNNNNNNNGNNNNNCNN
N NNNNANNNNGNNNNNNNGNAANNGNNNNNNTNNNNNN
Protein Sequence
M F K N E Y D S D IT T W S P T G R L F Q IE Y A N E A V N N G S A T V G V K G R D Y V V L T A L K R S P V A E L S S Y  
Q E K V F E ID E H V G M S IS G L V A D G R V L A R F L R T E C M N  YRYMY S DGMPMNQMADMVGEKHQRH 
IQ F G G K R P F G V G L L L A G Y D R Q G P H L Y Q T V P S G D V Y D Y K A T A M G V R S Q A S R T Y L E K H F V H F  
T D C T L D E L V V H A L K A L A S A T S E G V E L N V K N T T IA IV G K D T P F T IF E E E S A R R Y L D E F K M R  
P E D R V A A A D D E E E V L H E Q P L D V E E
Parasites L.mex
Gene ID LmxM.34.1890 (92%)
Gene name 60S ribosomal protein L5, 
putative
Feature In other organisms
Sequencing length 305 aa
Molecular weight (MW) 34030 Da




N N N N N N N N N G N N N N N C N G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G
T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T
T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C T T T T T T T T T T T T T T T T T T T T T T T T T T
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T AAAACGGGGA A G C T C T G A C C T T T C C C C C C C G
C TA G G G CC C C A T CA G G G G G G A GA G A G G G G GA G C A A A CCCG AC A A G A G GCC G A A AA A A A A A
C CC C C A G A A A A TT A G C A A T G A A A A C A A A A A A A A A A A A A A A T A T T T G A G G T T C C C T C A G C G
G C A C G T G C G C N C G C G G T T G C C G C C A G C G C G C C T C N C T G T C C C T G T T C C A A G A C A A C C A T G
G G G A TG C A C T TC TTT C N N C C A A A G G A A C A G G A A TC A A A A A A G A G G C G TC A A A N C A G G A G A
C C A A A A N A G A C T C G C G T A T T C A G A G G T G A G C G C T C G A C T T A C T T G C C G A G G C G C T C G C G G
A T G G C C G C G A C C T T C G C C A A C T T T T T T G T A C A A A G T T G G C A T T A T A A A A A A G C A T T G C T C
A T C A A T T T G T T G C A A C G A A C A G G T C A C T A T C A G T C A A A A T A A A A T C A T T A T T T G G G G C C C
G A G C T T A A N A C T G G C C G T C G T T T T A C A A C G T C G T G A C T G G G A A A A C A T C C A T G C T A G C G T
TA A CG CG A G A G TA G G G A A CT G CC A G G CA T CA A A TA A A A C G A A A G G C N CN G TC G G A A G A C T
G G G C C T T T C G T T T N N T C N G T T G N T N G T C G G T G A A C N N N N N T C C T G A N T A G G A N A A A T C C N
C CG G G A N C GG A TTTG A A C G TTG N G N A N CN A N C G G C C C G G A N G G G TG G G C G G G N N N G A CC C
C C G C C N N N A A C T G N C A G G C A T C A A A C T A A G C N N N A G G C C A T C C T G A C G G A T G G N C T T T N N
N N TT CT A N N A A N N C TTN C N G G N TA G N G G T A C N N N C G TTC C C N G A N N N N N N A N C C N G T A G A
AAAANNNCAAAGGANN N N N NN N N G N A TCN N N TN TN N N N N N NN G N A N N N NN N N N N N TN G N A
N N N A AN N N CN N NN N CCNN N N N G N N N NN N N N N CNN G N N N A N AN N N N C CA N N N N N TTTN CNA
NNNNNNNGGNNTN N N N N NN N N N N CNA N N N N G N NN TN N NN N G G N A N CN N N N TN G N C NCN TN
NNNANCNNNNNNNANNCNCNNNNNNNNNNNGNNNNANNNNNNNCNNNNNNCNNGGNNN
Protein Sequence
M PFV K V V K N K A Y  F K R F Q V K Y R R R R E G K T D Y H A R R Q M V L Q D K T K F G S P K Y R L V V R IT N K D I 
IA Q IV Q A K IV G D E V V M A A Y A H E L P A F G IE H G L T N Y A A A Y A T G L L L A R R T L A K L G IA D K F Q  
G A K E A D G S Y S A V R T K K D D E G D D E E R F P F K A IL D V G L A R T T T G A R V F G V L K G A V D G G M A V P  
H R P N R F P G Y N K E K S S L D A K V H R D R IF G K H V A E Y L K Q V K E E A S S N P D E K C V Q F S K Y M A A K V  
L P E S IE G M Y K K A H A A IR A D P S K S L P K K A K K E S V A H K S Y K T K K L S G A E K R A A A K A K V A A IR
E R L G K
220
Parasites L.mex
Gene ID LmxM.36.3590 (99%)
Gene name cysteine synthase, putative
Feature No information
Sequencing length 467 aa
Molecular weight (MW) 53542 Da




N N N N N N N A N G N N N N N N G C T G G A T G G C N N T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A A
C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T
T T T T T T T T T T T T T T G C C T T G C G T G C G C C T C C A C C T C C T C C C A G G G T T G G C G T T T C T C T G T G T C G C T G C C
T T G C C G G T T G T G T A A G G T C C C C A G T T G G G A A T T G G T G T C C C C T T T T T C C A C T G T C G A G A C G A G T G G C A A
TG C A A C A G T G A A A G A A C A C A C A C A C G C A C A C C C A C A C A C A C A A A A A A A TC A A T G G C A C G TT C A C C G A T G
G A CA TTG A A A G G G A TG A G A A G A C A G A G C A G G G A G TC A C A G TC G A TG CG TA TG G A CA A G G A A G G G G C A CG
C G G C C C T G G C C T C G C C T C C T C C C C C C C C C C C T C C T C T C C T C C T C T C C A C A C T A C C T T C C C T T C C C C C C C
A T C T A C T C G T T A A T C T C T T C G A C G C C G A C T C G A G C C A A C C T A C T C A T C T G T T T C G T C G A C T C T G C C G C A
C T A C G C G C G C A C G C C G C G A G A A A C G A A C T T T T C A C A T T C A G A G C C T C C G T G G G G A G T G T G T G T G T G T G T
C A A C A TG C G G C A A C A C C T C C G C G A C G G TT TC A C A C A A C C A T A G A G A G A G G G G A G TC C G G TG G A A C C G G T
AG G A GG A A G C A CTA GG A A A C CA CA CACA A A A A CG TCTCG CA G A ACA C G G CG A A A A A GA G A A G TA A A G A A
A C C A A G C A C G A A A G G A G A A G C G C G C A TG C TG A TA T A T A G A C A C G TA A G C C C A TG C G C G T G G A G A TG G A C
A A C C C G A G A C A A G A C G T A G T G T G C C G C G T C A A C T G T A T G C A T A T A G A G T T T G A T G G A A A C A C G T G A G G G
A N G A C A A G G G A C A A G G A G A C A C C T G A T G T A C T C C C C T C C T T T C T T T C T C A G T G T A T G T A T G T A T G T A T G
T G T G T G T G T G T G T G T G T T T C T G T G C G G T A G A T G T G T G N N N N N G N N N N N N N N G G A A G T T N A C N T T T T N N T
ACCNCGGATAAAGGAGGAANNNNG N A G N N TN N CG N A N G CAA N A N N N A A AN A N N N N TG G N A N NN G CN N CN
N N N TC N C N T C N N C N CC N N C A N N N N N A A A A T A N N C G C TN N N C G N N N N G G TG A C N G N T A N N N C N G CT A A N C
ACTA A N N NG G CG G N GG CA G CN N A N N N NNNNANCGGNAAAAAAANNNANCNGNTNNNNNNNNNAATGANN
AN A A NN TG NG C N N C NTN CCN N N N N NN N N C G G NN N N N N N N CN N N N C CN N CCN N N N G N N NN TTG N N N N NN N
NNTNAAATANANNCNGNNNNNNGNNNANNNNNNNNNGNNNNGNNCNNNNNNNNNNNNANAANNNNNTNG
NN N N NN TN NN N N N N CNN N N N CN NN N N CN N NCCN N N NN
Protein Sequence
M H F S Q Y P L R L T D L E R Q K L Q L IV A A L K V S E Y T D D V D D F M R P Y G K E G R M E V A M R E F ID IV V G
L A IA S D A IP R S V K N S F L A G E V K V A T V V P L L E D L F E IM R R H K R L N P F S H R G E F G K L M M M L Q
D V Q K Q S IQ R A L A IQ S T L V IP V R T V E A A L S S IH C E T L A D D E V V R T D Y L K R K G A E K Q A G M Q S
L IE R Y G K G D G H R K E V IE H C L R S ID D V Y S F IQ F N T R P L R T L R R W L S R D F E S L P S D D V Y S IS
IR H G R G G A C F T H S H A T H C Q Y V A E S L L L W E N V Q K N IL N L W E A A E D D M L V E G Q G Q Y V V S N T G
Q G F H R M C S A P R S Y G V M S R L V R D T E Q R M G G W V G IK V IH L G D R D V P N P L V F ID K Y T V IP R L V
K P V V Q T L H A L R Y V F H E E D E E E E G Q P Q V A H E Y D N Y P G L R N L L R S K Y H S Y A E L M M M IL S D F F
K H A F D G SG D D G G S C ID G R L T SA W N W C H Q L H K K K Y Y D A F V L T G F A G F D
Sequencing length 548 aa
Molecular weight (MW) 60185 Da




Gene ID LmxM.13.0390 (78%)
Gene name Alpha tubuline
Feature In other organisms
221
D N A  sequence
N N N N N N N N N G N N N N N C N G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G
T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T
T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T C T T T T T T T T T T T T T T T T T T T T T T T T T T
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T C C A C C T A C C A A C G A C G G G G A G G G A G A G G G A A
g g c c c c c c c c c a c a a a a a c n c a g c g c t c c g g c t a c c c g c g c g g g g g c n t g c n c g g c a a a c
CCCCC CC CN AG G A A G G A AA G G N N G G CA A A CG GA A A A N C CC CG GA A A G CG GG G CCCCC CCC
CCCTCCCCCC CC C C G CC C CC C N N A A A A A A A A A A N C C CC C A CN A A N G CN A A A A A A A A A A A A
A A A A G G G G G N C A T C G C A N G CA C N N G CN C N C TC CN C C CC C N C C C TC N N G C C G G TC G N N N N G
CN CN CC CN CA CN N N G N C N G G G G G G N A G G G G N TC C CC T G C N N C N C A C C CA C N CG G G C N CC T
A C T T C A TC C C C G G G G G G N N C N A G G G N N C C TTA N N N N TC C N C N A C N N N N T N N T C N N N N TG N





N N N G NG N G N N
Protein Sequence
M G L M R T D T H V H A P P S S R S A A L L L L L L P C A G R L P R V S S P H L A L S L L S S P L P S P P L L A D T Q H  
A R C T H A H A H R N P R S S S L S F F E Q T P L N R L L T P L P S F S A M R E A IC IH IG Q A G C Q V G N A C W E L  
F C L E H G IQ P D G S M P S D K C IG V E D D A F N T F F S E T G A G K H V P R C IF L D L E P T V V D E V R T G T Y  
R Q L F N P E Q L V S G K E D A A N N Y A R G H Y T IG K E IV D L A L D R IR K L A D N C T G L Q G F M V F H A V G G  
G T G S G L G A L L L E R L S V D Y G K K S K L G Y T V Y P S P Q V S T A V V E P Y N C V L S T H S L L E H T D V A T M  
L D N E A IY D L T R R S L D IE R P S Y T N V N R L IG Q V V S S L T A S L R F D G A L N V D L T E F Q T N L V P Y P  
R IH F V L T S Y A P V V S A E K A Y H E Q L S V A D IT N S V F E P A G M L T K C D P R H G K Y M S C C L M Y R G D V  
V P K D V N A A IA T IK T K R T IQ F V D W C P T G F K C G IN Y Q P P T V V P G G D L A K V Q R A V C M IA N S T A  
IA E V F A R ID H K F D L M Y S K R A F V H W Y V G E G M E E G E F S E A R E D L A A L E K D Y E E V G A E S A D D M  
G E E D V E E Y
Parasites L.mex
Gene ID LmxM. 14.0650 (99%)
Gene name fatty acid elongase, putative
Feature In other organisms
Sequencing length 375 aa
Molecular weight (MW) 42481 Da




N N N N N N N N N N G N N N N N G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G T T C G T T G C A A
C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T T G G G T G A A T T C T T T T T T T T
T T T T T T T T T T T T T T C C G G C C T T G T C C C C A A A A C A G C T G C C C C C C G C T G T G G G T G C G G C A A C A C A G A G C G
A T G C A G G A C T A A G A A A A A C A C A C T C A A T C C G C A C T C A C C C A C A C C T G C A G G A C G T T G C A C C A G C G A C A A
G C A G G C G G T C C A T C T C T G C A A G C T T T T T T T C T T G C C T T T T T T C G T T T C C G A C T T C T T T G T G G C T C G T C G
A T A C T T A T G T A T G T C T G T G T G T G T G T G T G G G T G G G T G T A A G C A T G C A G G T G T T C A A G T G C G C G T G T G C G
T G C A T C C A T C A T T G T T G T T G G C T T C C A C C C C C T C T C C G T A C A C C T C C A C A C A C A A C C A T A C A A A G T A C G
C A T G C G C A C A C T G G T G C G C C A TC A C A C A G A TG G A A A G A A A A A A G A G A G A G A C G A T TG TA T G A C C TG C C A
C A T A C C C G A G TA C G C A C A TC A A C A C A C A C A C A C A C A C A C A C A C A A G C A A G G C A C T TC A A G G A A A G A A A T
C A G A A G G C A A G T A G C T G A T A C G T G G A T A C A C G C A C G C A C A C G C A C G G A T T G G T G G T C G T G A A C T C A G G A
G G A G G A A T A C A A A G A C G A A C A G C T A A A A C A CG T TC G A A G T C G A T CC TT G A G G G A G A G G G G A T G A A G A A G
G G A G C A T A A C A C G C A C A CA C G C A C A C A C A C A CA G A C A C A C A A TA G G G G G A A A G A A G G A G A C G A TG TG C C
TG TG CG CG TG CG TTG G TG CG G G TG TATG A G GG G A G G A G GG G G G G G G G GG G A G G A A GG G G A G G G GA G G A A
G G G G G G G A N G G G G T TG G A C TC G C A C A A N A N T A G A C N A A N A A C G TG C C TC G C T A C T TG T A C N A G C C C G G A
^ ^ ^ ^ ^ a a g a a a t a g a a a c a g a n a a c a a a c a n a g c c c t n c c c c c n n n a n t a c g a a a a g a t a a n c a t c/ \  1 /\N/VACjiL*
Protein Sequence





TQMVGGLFVSGYVLAKKLTDDPSSPCPGTSM SAARTQLVIYIFNFYLFSEM FIKAYVLPR  
KAGAAPRRPSPSKRA
Parasites L.mex
Gene ID LmxM.20.1290 (97%)
Gene name hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 280 aa
Molecular weight (MW) 31358Da































Gene ID LmxM.22.0030 (100%)
G ene name 60S ribosomal protein 
LI 1 (L5, LI6)
Feature In other organisms
Sequencing length 188 aa
Molecular weight (MW) 21676 Da




NNNNNNNNNGNNNNTCNG CTG G ATG G NAATAATG ATTTTATTTTG ACTG ATAG TG ACCTG TTCG TTG CA










CG A C C A TTTTC G C AG TCTTCG G TCTG ATG AACAATAAAG CCAACTTTTTTG TACAAAG TTG G CATTATA








M V A E SK A A N P M R E IV V K K L C IN IC V G E SG D R L T R A SK V L E Q L C E Q T P V L SR A R L T V R T F G  
IR R N E K IA V H C T V R G K K A E E L L E K G L K V R E F E L K S Y N F S D T G S F G F G ID E H ID L G IK Y D P  
STGIYG M DFYVVLG RRG ERVAH RK RK CSRVG H SH H VTK EEAM K W FEK VH DG IIFQ AK K K K  
N M IR R R R R
Parasites L.mex
G ene ID LmxM. 12.0905 (73%)
G ene name Hypothetical protein, putative
Feature Leishmania only
Sequencing length 267aa
Molecular weight (MW) 28461 Da




NNNNNNNNNG NNNNNNNG CTG G ATG G NNNTAATG ATTTTATTTTG ACTG ATAG TG ACCTG TTCG TTG CA
A C A A A T TG A TAA G C A A TG C TTT C TTA TA A TG C C A A C TTT G TA C AA G A A A G T TG G G TG A A TTC T TTT TT T

























Gene ID LmxM.31.0020 (99%)
Gene name hypothetical protein, conserved
Feature Trypanosomads o nly
Sequencing length 494 aa
Molecular weight (MW) 56540 Da







































Gene ID LmxM.33.3790 (100%)
Gene name hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 1301 aa
Molecular weight (MW) 139827 Da

















































QVQRPLLAEVLQRW SALSVKRGYRLLSAALLLAVGGPTPRETQPPPLAALSLLIESAHFT  
DVAGLLALVLAQYHEAILGW PETAAAAW SSISPAHSSDTSPGQPVSASAIMDTVLHALAD  
YSGLLHTVGNMAAEEVVLRQAAALKVSMRQAAKDDSDEGGD
Parasites L.mex
Gene ID LmxM.36.0370 (99%)




Sequencing length 455 aa
Molecular weight (MW) 51239 Da



























e d c s t l q q l t v l s t d h k g k q v k v r v t e y a p n v f s f l r h l k g v t e s q f a d e w s l p e n r l k m





EQ K T LSTIPPD R Y A R R ITSFTG LIFPD V R EEA N G G
Parasites L.mex
Gene ID LmxM.25.0920 (100%)
Gene name Hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 873 aa
Molecular weight (MW) 93052Da

























VSGSGAPNDW W QRPVPSNSKVSSFGGNTRPRKLSPSRNSPDEDRRRSQREKQIQFGYVTD  
GYTNMKRLIAHDPLLRSGGILPLSPPDVVKGSKRLWDIQLRKWRRALHMFDYVFIDGEDH  
PETRAKVLEEQRRQW VSEAFNEM PREARLKIDLDTLRGVQHSSAVPSRIPIEEDLRCILR  
SDDCYESVRSVVPQ SASSLTK GTDISPLEAG IK IH IAPSAAVLQ RQ Q AQ LEVQ QRLSSLH
QQQQHQHVLATEVAPESMETGSHVPSAP p v l g a t v e s a a v e p p v e l s p s p r r p p l p l l s t  
QSPSNFSCPSQ PQK AFETTPHRQLCCSPRDEQ RCSTLSSSPLPRAAAAPAPTAFG STETP








Gene ID LmxM.32.0720 (99%)
Gene name 60S ribosomal protein L6, 
putative
Feature In other organisms
Sequencing length 195 aa
Molecular weight (MW) 21142 Da




























Gene ID LmxM.25.0910 (100%)
Gene name cyclophilin a
Feature In other organisms
Sequencing length 177 aa
Molecular weight (MW) 18794 Da




NNNNNNNNG NNNNNCNG CTGGATGGCAATAATGATTTTATTTTG ACTGATAGTGACCTGTTCG TTGCAA  
CAAATTG A TA AG CA A TG C TTTC TTA TA A TG C C A A C TTTG TA C A AG AA A G TTG G G TG A A TTC TTTTTTTT  
TTTTTTTTTTTTTTCTCTATACG GGCGAGGAAGAGAGCGAGAGATG CG GCGCATCTGCCGTG ATCACCG  
GAAC A C A C  C AC T ACA C AC C  CACAC ACACAC AGACC C AC ACACACACACACAC ACCC AGGC AGAC AC AGA  
CAGCAGCTCATGCACAAACATGTACGTATATGCGTGGCGTAAATCCGGAAAAAAAATAGTGTGTGCGTG  
T G G T G G T G C G C G TG TG TC A TTTT C TTG TC TTC C TTTTC TTTG T A A A TC A TA TA TTTTTTT C G A TT TTTT  
CGTCATCTTTTAAGAGGCTGTGGTGGTGGTGGTGGTGACGTGTGTGTCAGGGAGTCCTGAAGGCTGAAG  
AGCGAGAGGGGGCAAGGATGGGGGAGGACACTAGCCACAGAGTCGCAACAGTGGAGAGTCGTTCGAGAC  




CCACGCTGGG GTTGCCCCCTTTCACACAACATACGGCGACGAGGACGACGACGACGACCACCACCACCA  




GNGNNNNCTATNNAGGGNANAGGNNGNNNNNNNNNGGGGNANNAGGNNNW NTNNNNNNNNNTCNNTNNN  
NNNNNNANNNNTCNNNNNANNNNNANANANANNNNNNG ANNNNNN
Protein Sequence
M PY K P YY PV VE SN PK V W M D IEIG G K SA G R V TM E LFA D A VPQ TA EN FRV LC T G EK G FG Y SN
SP FH R V IPD FM C Q G G D FTA G N G T G G K SIY G SK FA D ESFV G K A G K H FG PG TL SM A N A G PN T
N G SQ FFLC TA PTSW LD G K H W FG Q V LEG Y D V V K A M EA V G SR SG V T SK PV R V SA C G Q L
Parasites L.mex
G ene ID LmxM. 18.1620 (100%)
Gene name hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 143 aa
Molecular weight (MW) 15848 Da




NNNNNNNNNNNG NNNNTCNG CTG G ATG G CAATAATG ATTTTATTTTG ACTG ATAG TG ACCTG TTCG TTG
C A A C AA A TTG ATAAG CAATG CTTTCTTATAATG CCAACTTTG TACAAG AAAG TTG G G TG AATTCTTTTT
T TT TT TT TTT TTTTT TT G A TG C C G C G G C A G C A CG CTT A A AC G C A g TATCGGAGAAGATGTu TCAGCGAC










CATTATAAAAAAG CATTG CTCATCAATTTG TTG CAACG AACAG G TCACTATCAG TCAAAATAAAATCAT
TATTTGGGGCCCGAGCTTAAGACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACATCCATGCTAG
CGTTAACGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAANGNTCAGTCGGAAGACTGGGNCT






M DSLYNW NDSTK IG VAFTG LG M FFTFM G IVM LLDSILLTM G NFLFVAG VAM VM G PRRCK A  
F F IA R Q R A S A C F F L G IL F V V L R W C F IG L C IQ G F G A L N L F G N F F P V L V R V L E S A P V IG P II  
L SA PV Q K V L SL M H V N D V R N L R N V
Parasites L.mex
G ene ID LmxM.29.0860 (95%)
G ene name surface protein amastin, putative
Feature Trypanosomades only
Sequencing length 198 aa
Molecular weight (MW) 21152 Da





A C A A AT TG A TAA G C AATG CTTTCTTATAATG CCAACTTTG TACAAG AAAG TTG G G TG AATTCTTTTTTT










A TTA TA C C G TT TC TCTTCTG G TTTTTG TTTG G TTTTTTTG G G G G G TG G G G G ACATTG ACTCCCCTCCTA
CTTTTTTCTG TCACG TCG ATG TG CAG G TCTCTTCTCCATTCACG CCG TCCTTG TCTG G CG TTCG CTCCT













Gene ID LmxM.32.0940 (99%)
G ene name hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 1177 aa
Molecular weight (MW) 122803 Da





































ITTSSHVEKNAM ASATAAVSATSPVTPSVSGGGGGLATPTTM SAGILPTLSSSATGVGSN  
HFGSPLCGNGHLGGATGGAAADAGNTSNFTSPVFPTTGGAFSTNNVHSPFSGNGQYSRPF
232








Gene ID LmxM.27.1130 (63%)
Gene name intraflagellar transport 
protein IFT88, putative
Feature Trypanosomads only
Sequencing length 811 aa
Molecular weight (MW) 91083 Da





































g g e s g d d d l e s s v e g g n n i n g h h r r r t s g t a a p d t a v a g r r a g g g a v a d k d f s v g l s d d d
IVDGKAKQNGAKRLKKAKSSDSDDEIDLPGI
Parasites L.mex
Gene ID LmxM. 13.0280 (100%)
Gene name alpha tubulin
Feature In other organisms
Sequencing length 548 aa
Molecular weight (MW) 60185 Da








































Gene ID LmxM.36.1040 (99%)
Gene name hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 286 aa
Molecular weight (MW) 32514 Da



































Gene ID LmxM.34.1890 (98%)
Gene name 60S ribosomal protein L5, putative
Feature Trypanosomads only
Sequencing length 305 aa
Molecular weight (MW) 34030 Da





































G ene ID LmxM.23.0890 (99%)
G ene name hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 470 aa
Molecular weight (MW) 53143 Da






































Sequencing length 177 aa
Molecular weight (MW) 18794 Da




Gene ID LmxM.25.0910 (100%)
Gene name cyclophilin a































G ene ID LmxM.34.3700 (92%)
G ene name Gim5A protein, 
putative, glycosomal 
membrane protein
Feature In other organisms
Sequencing length 225 aa
Molecular weight (MW) 24881 Da


































Gene ID LmxM.10.1225 (99%)
Gene name hypothetical protein, conserved
Feature Trypanosomads only
Sequencing length 148 aa
Molecular weight (MW) 16160 Da


































Gene ID LmxM.36.5120 (99%)
Gene name 40S ribosomal protein SA, 
putative
Feature In other organisms








N N N N N N N N N G N N N N T C N G C T G G A T G G N A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G
T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T
T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G T T T G A A G T T G T G G A A A G T G A T A A A A G
C A A A G G C G C T T T T T G A G G G T G T G A G G A C C A C C G A A A G G G C G C T G C T G T G G G C A T A C C G T T
G T C A G A A A G T C G A T T C C C T C G T C G A A C G T C A G A C A C C C A G C A C A C G C A T G T G A A C C G T C T
A G G C G G C A T C A C T C A C C C C T T C A A G C C C C G A A A A A A A A A A A A A G A A A T G A C T A G A C C A G T
T T G T T A A A G A G C A C C T T G C C G T G T G C G T A G A G C A C A G C C T G A C C T C A C T A G G G A C G C T G C
A C G C G C G A A C A A A G G A A T G T C G T A A A G A A T G C A A G G A C G A A C A C G G G C A G A G T G G C G C G G
C A G A G C T G C A C A A G G T C A C C A G C C T G C C A T T T C C C C A C C G C T C C T C T C G T C C A C T C C G T C
T C C A C A A C G C C T T A C G C C T C C C A C G C G T T G T C G T C G T T G C G C T C C A C C C A G C C G A A G C C C
T C C T C C G C C T C C G C G A C G G G C A C C G C A G C G G C C G C A G C G G C C T T C T C C T C C G C A G C C T C G
T T G G G G T C G C G G T A G A A G A A C A G G T C C A C C T T C T C C T C C C A C G G C A C A G A G C G C A C A A T A
G T G C C G C G C A G G C G C A G C A C C T C G C G C G C A A G C A G C C A G T A C A T C A T G C C G A T C G A C T T G
A T G C C G C G G T T G T T G C A C G G G A T C G C A A T G T C C A C G T A C T C C A G C G G C G C G T C C G T G T C G
C A C A G C G C A A T C A C A G G G A T G T T C A C C A G C G A C G C C T C G C G G A T G G C C T G G T G G T C C G T G
C G C G G G T C C G T C A C C A C A A G C A C G C G C G G C T G C A C G A A C T T C T T C T G G A T C T G G T T C G T G
A A C G T A C C A G G G A T G A A G C G G C C G C C G T G G A A G C T C G T G C C C A C G T G C T G C G A G A A C T T G
T A G A T G G C G C G T G N G C C G T A C A G G C G C G A C G A G C A C A C G C A C A C G T C C T T C G G G T T N N C N
A C A G C C G C G A T C A C G C G A G C A G C G A G G A T C A G C T T N N N C C A C A T C A T G N N G C A C G T C G A T
G A N N N N N T N C C N N C N N N N G N N N N T A G A T T N N C T T C C N N T T T T T T N N N C N A A G T T G G C A T T
N N T A A A A A G C A T T G C T C A T C A T T T G T T G C A C N A N N N N N N N N N N T C A G N N N A A A T N A A N N N
T N A T T T G G N N N N N N N T N A N A C T N N N N C G T T N N A N N N N N N N C T G N N N N A N N N N C N N N N N N N
N N N N N N N N N N N N N A N N N C N G N N N N A N N A N N A N N N N N N N N N N A A N N G N N N N N N
Protein Sequence
M T A V E S G S K V L R M K E S D A Q K L L A M R C H IG T R N Q S S A M K K Y IY G R T A E G S H IID V H M M W E K  
L I L A A R V I A A V E N P K D V C V C S S R L Y G T R A I Y K F S Q H V G T S F H G G R F I P G T F T N Q I Q K K F V
Q P R V L V V T  D P R T  D H Q A I R E A S L V N I P V I A L C  D T D A P L E  Y V D IA IP C N N R G IK S IG M M Y W L
L A R E V L R L R G T IV R S V P W E E K V D L F F Y R D P N E A A E E K A A A A A A V P A A E A E E G F G W V E R N D
D N A W E A
Sequencing length 225 aa
Molecular weight (MW) 26516 Da




Gene ID LmxM.34.3670 (100%)
Gene name hypothetical protein, conserved
Feature Trypanosomads only
240






























Gene ID LmxM.36.1640 (99%)
Gene name universal minicircle sequence 
binding protein (UMSBP), 
putative
Feature Trypanosomads only
Sequencing length 298 aa
Molecular weight (MW) 30849 Da


































Sequencing length 135 aa
Molecular weight (MW) 14578 Da




Gene ID LmxM.36.1635 (99%)































G ene ID LmxM. 17.0083 (99%)
G ene name elongation factor 1 -alpha
Feature No information!
Sequencing length 208 aa
Molecular weight (MW) 23169 Da




























MGKDKVHMNL VVVGH VDAGKSTATGHLIYKCGGIDKRTIEKFEKEAAEIGKAS FKYAWVL 





Gene ID LmxM.29.1100 (70%)
Gene nam e DREV methyltransferase, 
putative
Feature In other organisms
Sequencing length 303 aa
Molecular weight (MW) 34394 Da



































Parasites L.mex Sequencing length 141 aa
Molecular weight (MW) 15592 Da
Gene ID LmxM.13.0570 (99%) Isoelectric Point (ISP) 4.49
Gene name 40S ribosomal protein SI2, putative Signal peptide No
Feature In other organisms
Gene copy multiple




























Sequencing length 299 aa
Molecular weight (MW) 31027 Da




Gene ID LmxM.29.0180 (100%)






























FTNLSD SSD V M EIV FG TN G V A A G IR EG A IFV D N STIK PSV A Q EIA R R LW EEK K V R A LD A P  
VSGGDIGARNGTLTVMVGGDAAALETVLPVLLAVGKKVTHIGDCGAGQVCKAANQIMVAA  
QM VALG EILVFSEKCGVSGSTVIEAIKSGSAQCW ALDVKPDRLFAGNREPGFKAALQSKD  
M GIVM DSAKEFGVPLPSTAVNTQLFQAMVQNGDGDRDNSAVVSVLERMANVHISEVKKE
Parasites L.mex
Gene ID LmxM .04.0750 (99%)
Gene nam e 60S ribosomal protein 
L10, putative
Feature In other organisms
Sequencing length 213 aa
Molecular weight (MW) 24557 Da





























P rotein  Sequence
M ARRPSR C Y R FC K N K PY PK SR FC R G V PD PK IR N FD IG R R R A TV D E FPV C IH V V SR E LE Q I 
ASEALEAARIQANKYMVKRANKDVFHMRTRAHPFHVLRINKMLSCAGADRLQTGMRGAFG  
KPNGVCARVRIGQILLSM RTKEAYVPQAFEALRRAKM KFPGRQIIVM SKYW GFTNILRTE  
YEALRDAGKLEQRGTHCKLIAPKGKITMRNVMA
Parasites L.mex
Gene ID LmxM.33.3790 (100%)
Gene nam e hypothetical protein, 
conserved
Feature Trypanosomads only
Sequencing length 1301 aa
Molecular weight (M W ) 139827 Da





























M SSV SA PPQ LSPK V IPG C SN T H SN SG L PT IL SD L G T FA Y Q SA C Y G PQ Q L L A C SSA V T SA G  
EVIFVYDMNSMLLTQSLSGHKAAVTALLW RRSPASYLQTGLFLW SGDTSGALM YW DVVEG  
V A L TSIQ T PC R A L V Q SLTL LT D EH LL V V TQ E G T G Y V FN SH LV D N IPLPPG R L LL EA TQ ST  
LLG N ISR PSLV A C SR L N D Q H C C A V V L G D R LR ILTA IQ LETG A A PPV A K D L IY D SC D G A PT  
VIDVVFSDAQEEVLYFATRNTVGCYDW KLGLM LNESLLW LPDEVEFRRIFRSCSSGAAVH  
AAAM RSPESTASSSGDAAAAQVPLM YSFGSDQRLVAW HVTRHDRFTAVSTDVRGVRINSK  
LCVNVAQSELDSSLFAVLFEDGSIVHW QYTPLARRW KLLDCW M APVVRPVTFCAVGAHHC  
CVALESGHLALM DITHSM AVRRFNLVYSGGTQIVLLCGYKW SDLVW IVSDRIQQYRHHHQ  
VSLIDTRTGEVVRVLRKPSSAPEQTRM KEITM DPTATYVLLTFW NGTFEVW TAADSRLVH  
IH SG LGVANVSW APPLM RRCLSGVQGTPQLLAVLFSEGTLSLW SAYKDRVVVSRDAIPLF  
HPSVVEGSVRSAVVVDTLVMWDGQGNGVVLRAQGTRLAVRRLRDAPPNSGAVMCLGGPSP
247
P SR A TEFM SFSSPLA W TSSG SFSH H E D SD N A A N LIN TG E A G LSM PSA A G FSA A R A V A V LF  
ESGVFAVW DIATGERRALSSAGMAAEVRALSLYW TGGSLCVLGADGCLYVLDTYLTEMNS 
SVRYRALRRPM KNVAFLLPAHRTYVQVALELGSPPSGVRDEAQRASHSLSDAPSAVM EAV  
PVSARPCRGPFGQLLTEGIRTLQDEVELYRTTM VPRDVLLRLSRCGSTAGPVSPLTW LRR  
AAVVADFLGQSAKQRFM RLAVNVLRHW QPSAVARRGVGGCPSAASSPADAVLAAESADCP  
PA SPN SE SL G E D SFIV PH T Y PC A D A Y SE A L A PSH IV R R N R IL LN E Q R T A A L L V N A R N H R A  
RDDSM SRLALARDW LRLGHRQSVIEVLLDAPPQSTTYNELATLSM AVAASTAVQSSSVDS  
ATSALFVASAKRAAAMLLAQGDVEAAVEKLALAGEYRSACVTLQSKGRWRDAVLLVKAVP  
QVQRPLLAEVLQ RW SALSV KR GY RLLSAALLLAVG G PTPRETQ PPPLAALSLLIESAH FT  
DVAGLLALV LAQ YH EAILG W PETA AAAW SSISPA HSSDTSPG Q PVSASAIM DTV LH ALAD  
YSGLLHTVGNMAAEEVVLRQAAALKVSMRQAAKDDSDEGGD
Parasites L.mex
G ene ID LmxM .09.1340 (98%)
G ene nam e histone H2B
Feature In other organisms





































Gene ID LmxM. 17.0860 (80%)
Gene nam e hypothetical protein, conserved
Feature Leishmania only
Sequencing length 147 aa
M olecular weight (M W ) 16877 Da


















Gene ID LmxM.06.0410 (95%)
Gene name 60S ribosomal protein L I9, 
putative
Feature In other organisms
Sequencing length 247 aa
M olecular weight (MW ) 28202 Da




















T G T G A A G C A A C G G C C C G G A G G G G T G G C G G G N N G G A C G N C C G N C C T A A A C T G C C A G G N N M N
N A A C T A A N N N A A A G G N N N N N N G A N N N A N G N C T T T T T G C G T N T N N N N N N N N N N N T T C N G N N
A G N G T G N A T N T T T N N T N N N N N N N C N N N N A T A N N A T A C A N A A N A N N N A A G N A N N N N N N N N G
N N A T C T C T T T T T T C N N N N N N A A C N N G N T G N N N G N N A N N A N A A A N C N N C G C T T C C N N M G G N
G G T T N G N T T G N N G G A T C A G A N C T A C C N A C T C T T T T T N C C N A A A G G N T A N T G N N T T C N G C N
N A N N N N N A N N N C G A T A T N C N N G N N T N N N N N N N N N T N A T N G T N A N N N N N N N N N N N N N N T G N
N A N TN N N N NN N N N N N N CN A N N A N N N N N N N N N N N N N N A N N N N N N N N N N N N N N N N N N N M T N N
N C AN G N N N N N N NN N N N N N N NN N N N N N N N NN N N N N N N GN N N N N N N N NN N A N N N N NA N N iS JN T
N N N N N N N N N N N N A N N N N N N N N A N N N N N N N N N N N N N G N N N N N N N N N N N G N N N N N N N N N N N N
NN N N NN N N N N N N NT N N N NN N N A N N N NN N N N N N N N M N N M N M N N N NN N N
Protein Sequence
M V S L K L Q A R L A S S I L S C G R A R V W L D P N E A M E I Q N A N S R K S V R K L I K D G F I I R K P V K V H S R  
A R W R K M K E A K D M G R H N G V G R R E G S R E A R M P S K E L W M R R L R I L R R L L R K Y R A D K K I D R H V Y  
R D L Y M R A K G N V F R N K R N L V E Y I H K I K N E K K K A R Q L A E Q L A A K H L R D E Q N R N K A R K Q E L R K  
R E K E R E R A K R D D A A A A A Q K K K A D A A K K S A A P A A K S A A P A A K A A A P V A K A A A A A P A A K G A A
P V K K S K K
Sequencing length 749 aa
M olecular weight (M W ) 79477 Da




Gene ID LmxM. 19.1640 (77%)
G ene nam e hypothetical protein, 
unknown function
Feature N o information!
DNA sequence
A N N N N N N N N G N N A N T N A G C T G G A T G G C A A T A A T G A T T T T A T T T T G A C T G A T A G T G A C C T G  
T T C G T T G C A A C A A A T T G A T A A G C A A T G C T T T C T T A T A A T G C C A A C T T T G T A C A A G A A A G T  
T G G G T G A A T T C T T T T T T T T T T T T T T T T T T T T T T G N T T T T T T T T T T T T T T T T T T T T T T T T T  
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ' T T T T T G G G G N C C C C C C  
C C C C C C C C C A A A A A A A N N C C A A A A A A A A A N A N C C C C C C C C C C C C C C C C C C C C C C C C A N G G  
G G G G G G G G A A A G G G G G G N T G G G G G G N C C G G G N C C C C C A A A N A A A A A N N G G G A N N C C C C C C  
C C A G G G G G G G N N A A A A T  GG GG GWNGAAAAANAAAAAAAAAAAAAAAANNGGGGN GGGMNN 
C CN N N N N N N N N N N N N N A N N T N N N N N N C N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  
N N N N NN N N N N N N NN N N N N N N N N N N N N N N N N N N N N N N N N N M N N N N N N N N N N N N N N N N N N N N  
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  
N N N N N N N N N N N N N N N N N N N N N N N N A A A N N N N N N N N N A N N N N N N N N G N N N N N N N N N N N N N N  
N N N N N T N N N N N N N N N G N N N N N N N N N N N T N C C N N N N N N N N N N C N C N N A A A A N N N N N N N N N N  
N N N N N N N N N N N A N N N T A N N N N N N N N N N N N N N N N G N N N N N N N A N N N N N N N C N N N N T N N W N N  
N G N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N A N T T G A T N C N N N N N N T N C N G N N N N N C N  
N N N G N T N N N N N N N N N N N N N G N N N
Protein Sequence
M L C R P P S F N L L G L L H F S R F V S L I T A H Q P P F P I R C L Y P V A S G S S P P H R H H D S L Q P I L H Q H L  
H S L P A S L F H I S H E P F T S S S T F V T E A P T P S D  CAVA I T S S Q R G D S S L S P C D S R G A P R S L V P  G 
D M S M H R S F L C  Y V C C E  P L F R A M S  D S VCGHH V C EA Y  C L K M S I S G A A T C L L G G W N E S  W S R D T A
H S Q C V R D A V E A R L R E S V A V L L R D A * P V L S S D C V G D V V D S C F D R S G R T V H L H Q A Q Q Y L A A V
P P D G V G A V C T A L A A P D T I P N K A A V F S L R V E G P W L T S C D L V R S F L Q L Q V L V L C D C A D L V S L
R G V E C A P L L E R L T V E R C G L L D T L G I N A C Q C L E S L Q R R E C P R L S H L G W N Q I S N S Q S S L R E S
250
SG Q EDGCAALCSVSVFFLLPLLGHRLPLCRSAPARAPCTVCSHQQPGRVA* V PPPQ V A *C  
WRVSAGVLH* SPARCKGAKVS* PLQHGCLRHRCAFTVHSAREGEPERVPPAALSR* S *  VL 
YGAQRAAGVSNEQSDADRSAPVPCPQESECQRLRGAERRRGPHASLRTHTCRSFLHGTGW  
CW LPCLLPRGGERPSARM STHTRLLATAQLRGCAAATLSRPLQHKCLQHLRVGSLPT*AA  
DAPHERLHGALRHFGPGVCNPAEGGGFGQYQCTERVAAAVGCV*AGGASHQWCHL PERGA 
SLPIHW GAAAV*RDKHRCVELITVICATRAHVW LHCW *M *ANTHAAFHALRIVYLLSM *L  
H SIL Y Y PL L F L H A C T A G Y G ST V SPSP H P V
6.5 A p p en d ix
1 % agarose gels showed Leishmania genes only analyzed by RT-PCR.
■j V t» • *3 t : v i y  <’ •< 0 i #
L 12 25 28 23 34  29 27
f —1
l '  a p a  p a  p a p  a p a p  a p
r-.  --i
i
27 29 34  
P
HIM i M l
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6.6 Appendix
Screened nylon m em brane hybridized by log-phase prmastigotes and attached 
prom astigotes probes. (A) attached promastigotes, (P) free log-phase promastigote
252
